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We analyze the dynamics of entanglement entropy in a generic quantum many-body open system
from the perspective of quantum information and error corrections. We introduce a random uni-
tary circuit model with intermittent projective measurements, in which the degree of information
scrambling by the unitary and the rate of projective measurements are independently controlled.
This model displays two stable phases, characterized by the volume-law and area-law scaling entan-
glement entropy in steady states. The transition between the two phases is understood from the
point of view of quantum error correction: the chaotic unitary evolution protects quantum informa-
tion from projective measurements that act as errors. A phase transition occurs when the rate of
errors exceeds a threshold that depends on the degree of information scrambling. We confirm these
results using numerical simulations and obtain the phase diagram of our model. Our work shows
that information scrambling plays a crucial role in understanding the dynamics of entanglement in
an open quantum system and relates the entanglement phase transition with changes in quantum
channel capacity.
A generic unitary evolution of a quantum many-body
system scrambles information. Any local degrees of free-
dom that are initially in an unentangled state become
increasingly more entangled with the rest of the system,
making the information encoded in them effectively un-
recoverable [1–3]. The scrambling dynamics [4–7], evi-
denced by the growth of the entanglement entropy toward
an extensive value [8–11], underlies the rich complexity
of quantum dynamics and the fact that simulating it is
beyond the capability of classical computers.
In a realistic system, however, unitary dynamics is of-
ten interspersed by occasional measurements of local ob-
servables made by external observers either controlled or
accidental. This process disentangles the measured de-
grees of freedom from the rest of the system, which may
reduce the entanglement entropy. Thus, it is natural to
ask under what conditions the growth of entanglement is
tamed to a point allowing efficient classical simulations
of the quantum dynamics [12, 13].
This question has been addressed in a number of
recent works. In the special case of non-interacting
fermions, quantum states with volume scaling entangle-
ment (volume-law phase) are unstable to any small rate
of measurements in local occupation basis, leading to
steady states in which the entropy only scales with the
boundary area of a region (area-law phase) [14]. How-
ever, the corresponding behavior in generic interacting
systems appears to be much more subtle and has not
been fully understood. On the one hand, Ref. [15–17]
suggested that the interplay between the unitary dynam-
ics and measurements can lead to a transition between
two distinct phases: for sufficiently small measurement
rates, the system remains stable in the volume-law phase,
while it undergoes a transition into an area-law phase as
the rate exceeds a certain critical value. On the other
hand, in its early version, Ref. [17] pointed out that this
phase transition cannot be explained by a simple com-
petition between rates of entanglement growth and mea-
surements, as it would always predict the area-law phase
for any nonzero measurement rate.
In this Letter, we show that a central ingredient for
understanding the entanglement phase transition is the
effective quantum error correction enabled by scrambling
unitary dynamics. Using simple concepts from quan-
tum information theory, we provide new insight on the
mechanism that drives the phase transition. Na¨ıvely, the
phase transition seems to hinge on the competition be-
tween the rate of entanglement generation by unitary
gates and that of disentanglement by measurements. If
this perspective were true, the volume-law phase is un-
stable against an arbitrarily small rate of measurements
since the competition is fundamentally not symmetric.
Given a bipartition, a local unitary gate may change the
entanglement only when it acts nontrivially across the
boundary of two subsystems. In contrast, the effect of
the measurements could be nonlocal: by disentangling all
of the measured qubits inside a subsystem, the rate of en-
tanglement reduction may be extensive. Thus, measure-
ments would always overwhelm the entanglement gener-
ation and destabilize the volume-law phase. Here, we
argue that this is not the case if information scrambling
is taken into account.
Our key observation is that nonlocal effects of sparse
measurements are greatly suppressed due to the natural
quantum error correction (QEC) property of scrambling
dynamics. If quantum information is sufficiently scram-
bled by unitary evolution, correlations between two sub-
systems are hidden in highly nonlocal degrees of freedom
and cannot be revealed by any local measurements. In
such case, sparse local measurements, despite their exten-
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<latexit sha1 _base64="V0jEAIshz40PyHSae zOckqHzs/w=">AAAB6nicbVBNS 8NAEJ34WetX1aOXxSJ4KkkR9F j04rGiaQttKJvtpl262YTdiVBC f4IXD4p49Rd589+4bXPQ1gcDj /dmmJkXplIYdN1vZ219Y3Nru7R T3t3bPzisHB23TJJpxn2WyER3Q mq4FIr7KFDyTqo5jUPJ2+H4du a3n7g2IlGPOEl5ENOhEpFgFK30 4Pdv+pWqW3PnIKvEK0gVCjT7la /eIGFZzBUySY3pem6KQU41Cib 5tNzLDE8pG9Mh71qqaMxNkM9Pn ZJzqwxIlGhbCslc/T2R09iYSRz azpjiyCx7M/E/r5thdB3kQqUZ csUWi6JMEkzI7G8yEJozlBNLKN PC3krYiGrK0KZTtiF4yy+vkla 95rk17/6y2qgXcZTgFM7gAjy4g gbcQRN8YDCEZ3iFN0c6L86787F oXXOKmRP4A+fzB+tDjX4=</la texit><latexit sha1 _base64="V0jEAIshz40PyHSae zOckqHzs/w=">AAAB6nicbVBNS 8NAEJ34WetX1aOXxSJ4KkkR9F j04rGiaQttKJvtpl262YTdiVBC f4IXD4p49Rd589+4bXPQ1gcDj /dmmJkXplIYdN1vZ219Y3Nru7R T3t3bPzisHB23TJJpxn2WyER3Q mq4FIr7KFDyTqo5jUPJ2+H4du a3n7g2IlGPOEl5ENOhEpFgFK30 4Pdv+pWqW3PnIKvEK0gVCjT7la /eIGFZzBUySY3pem6KQU41Cib 5tNzLDE8pG9Mh71qqaMxNkM9Pn ZJzqwxIlGhbCslc/T2R09iYSRz azpjiyCx7M/E/r5thdB3kQqUZ csUWi6JMEkzI7G8yEJozlBNLKN PC3krYiGrK0KZTtiF4yy+vkla 95rk17/6y2qgXcZTgFM7gAjy4g gbcQRN8YDCEZ3iFN0c6L86787F oXXOKmRP4A+fzB+tDjX4=</la texit><latexit sha1 _base64="V0jEAIshz40PyHSae zOckqHzs/w=">AAAB6nicbVBNS 8NAEJ34WetX1aOXxSJ4KkkR9F j04rGiaQttKJvtpl262YTdiVBC f4IXD4p49Rd589+4bXPQ1gcDj /dmmJkXplIYdN1vZ219Y3Nru7R T3t3bPzisHB23TJJpxn2WyER3Q mq4FIr7KFDyTqo5jUPJ2+H4du a3n7g2IlGPOEl5ENOhEpFgFK30 4Pdv+pWqW3PnIKvEK0gVCjT7la /eIGFZzBUySY3pem6KQU41Cib 5tNzLDE8pG9Mh71qqaMxNkM9Pn ZJzqwxIlGhbCslc/T2R09iYSRz azpjiyCx7M/E/r5thdB3kQqUZ csUWi6JMEkzI7G8yEJozlBNLKN PC3krYiGrK0KZTtiF4yy+vkla 95rk17/6y2qgXcZTgFM7gAjy4g gbcQRN8YDCEZ3iFN0c6L86787F oXXOKmRP4A+fzB+tDjX4=</la texit><latexit sha1 _base64="V0jEAIshz40PyHSae zOckqHzs/w=">AAAB6nicbVBNS 8NAEJ34WetX1aOXxSJ4KkkR9F j04rGiaQttKJvtpl262YTdiVBC f4IXD4p49Rd589+4bXPQ1gcDj /dmmJkXplIYdN1vZ219Y3Nru7R T3t3bPzisHB23TJJpxn2WyER3Q mq4FIr7KFDyTqo5jUPJ2+H4du a3n7g2IlGPOEl5ENOhEpFgFK30 4Pdv+pWqW3PnIKvEK0gVCjT7la /eIGFZzBUySY3pem6KQU41Cib 5tNzLDE8pG9Mh71qqaMxNkM9Pn ZJzqwxIlGhbCslc/T2R09iYSRz azpjiyCx7M/E/r5thdB3kQqUZ csUWi6JMEkzI7G8yEJozlBNLKN PC3krYiGrK0KZTtiF4yy+vkla 95rk17/6y2qgXcZTgFM7gAjy4g gbcQRN8YDCEZ3iFN0c6L86787F oXXOKmRP4A+fzB+tDjX4=</la texit>
(1  p)N
<latexit sha1_base64="k4ti Dc1kCdIiQ1PLVpX4cfpxT00=">AAAB7XicbVBNSwMxEJ31s9avq kcvwSLUg2VXBD0WvHiSCvYD2qVk02wbm01CkhXK0v/gxYMiXv0/3 vw3pu0etPXBwOO9GWbmRYozY33/21tZXVvf2CxsFbd3dvf2SweH TSNTTWiDSC51O8KGciZowzLLaVtpipOI01Y0upn6rSeqDZPiwY4 VDRM8ECxmBFsnNSvBuTq765XKftWfAS2TICdlyFHvlb66fUnShA pLODamE/jKhhnWlhFOJ8VuaqjCZIQHtOOowAk1YTa7doJOndJHsd SuhEUz9fdEhhNjxknkOhNsh2bRm4r/eZ3UxtdhxoRKLRVkvihOO bISTV9HfaYpsXzsCCaauVsRGWKNiXUBFV0IweLLy6R5UQ38anB/ Wa6hPI4CHMMJVCCAK6jBLdShAQQe4Rle4c2T3ov37n3MW1e8fOY I/sD7/AELJI4B</latexit><latexit sha1_base64="k4ti Dc1kCdIiQ1PLVpX4cfpxT00=">AAAB7XicbVBNSwMxEJ31s9avq kcvwSLUg2VXBD0WvHiSCvYD2qVk02wbm01CkhXK0v/gxYMiXv0/3 vw3pu0etPXBwOO9GWbmRYozY33/21tZXVvf2CxsFbd3dvf2SweH TSNTTWiDSC51O8KGciZowzLLaVtpipOI01Y0upn6rSeqDZPiwY4 VDRM8ECxmBFsnNSvBuTq765XKftWfAS2TICdlyFHvlb66fUnShA pLODamE/jKhhnWlhFOJ8VuaqjCZIQHtOOowAk1YTa7doJOndJHsd SuhEUz9fdEhhNjxknkOhNsh2bRm4r/eZ3UxtdhxoRKLRVkvihOO bISTV9HfaYpsXzsCCaauVsRGWKNiXUBFV0IweLLy6R5UQ38anB/ Wa6hPI4CHMMJVCCAK6jBLdShAQQe4Rle4c2T3ov37n3MW1e8fOY I/sD7/AELJI4B</latexit><latexit sha1_base64="k4ti Dc1kCdIiQ1PLVpX4cfpxT00=">AAAB7XicbVBNSwMxEJ31s9avq kcvwSLUg2VXBD0WvHiSCvYD2qVk02wbm01CkhXK0v/gxYMiXv0/3 vw3pu0etPXBwOO9GWbmRYozY33/21tZXVvf2CxsFbd3dvf2SweH TSNTTWiDSC51O8KGciZowzLLaVtpipOI01Y0upn6rSeqDZPiwY4 VDRM8ECxmBFsnNSvBuTq765XKftWfAS2TICdlyFHvlb66fUnShA pLODamE/jKhhnWlhFOJ8VuaqjCZIQHtOOowAk1YTa7doJOndJHsd SuhEUz9fdEhhNjxknkOhNsh2bRm4r/eZ3UxtdhxoRKLRVkvihOO bISTV9HfaYpsXzsCCaauVsRGWKNiXUBFV0IweLLy6R5UQ38anB/ Wa6hPI4CHMMJVCCAK6jBLdShAQQe4Rle4c2T3ov37n3MW1e8fOY I/sD7/AELJI4B</latexit><latexit sha1_base64="k4ti Dc1kCdIiQ1PLVpX4cfpxT00=">AAAB7XicbVBNSwMxEJ31s9avq kcvwSLUg2VXBD0WvHiSCvYD2qVk02wbm01CkhXK0v/gxYMiXv0/3 vw3pu0etPXBwOO9GWbmRYozY33/21tZXVvf2CxsFbd3dvf2SweH TSNTTWiDSC51O8KGciZowzLLaVtpipOI01Y0upn6rSeqDZPiwY4 VDRM8ECxmBFsnNSvBuTq765XKftWfAS2TICdlyFHvlb66fUnShA pLODamE/jKhhnWlhFOJ8VuaqjCZIQHtOOowAk1YTa7doJOndJHsd SuhEUz9fdEhhNjxknkOhNsh2bRm4r/eZ3UxtdhxoRKLRVkvihOO bISTV9HfaYpsXzsCCaauVsRGWKNiXUBFV0IweLLy6R5UQ38anB/ Wa6hPI4CHMMJVCCAK6jBLdShAQQe4Rle4c2T3ov37n3MW1e8fOY I/sD7/AELJI4B</latexit>
pN
<latexit sha1 _base64="HYsl3GQSstGOj7x/t DJQehdWaBY=">AAAB6XicbVBNS 8NAEJ3Ur1q/oh69LBbBU0lE0G PBiyepYj+gDWWz3bRLN5uwOxFK 6D/w4kERr/4jb/4bt20O2vpg4 PHeDDPzwlQKg5737ZTW1jc2t8r blZ3dvf0D9/CoZZJMM95kiUx0J 6SGS6F4EwVK3kk1p3EoeTsc38 z89hPXRiTqEScpD2I6VCISjKKV HtK7vlv1at4cZJX4BalCgUbf/e oNEpbFXCGT1Jiu76UY5FSjYJJ PK73M8JSyMR3yrqWKxtwE+fzSK TmzyoBEibalkMzV3xM5jY2ZxKH tjCmOzLI3E//zuhlG10EuVJoh V2yxKMokwYTM3iYDoTlDObGEMi 3srYSNqKYMbTgVG4K//PIqaV3 UfK/m319W66SIowwncArn4MMV1 OEWGtAEBhE8wyu8OWPnxXl3Pha tJaeYOYY/cD5/AGt6jSo=</la texit><latexit sha1 _base64="HYsl3GQSstGOj7x/t DJQehdWaBY=">AAAB6XicbVBNS 8NAEJ3Ur1q/oh69LBbBU0lE0G PBiyepYj+gDWWz3bRLN5uwOxFK 6D/w4kERr/4jb/4bt20O2vpg4 PHeDDPzwlQKg5737ZTW1jc2t8r blZ3dvf0D9/CoZZJMM95kiUx0J 6SGS6F4EwVK3kk1p3EoeTsc38 z89hPXRiTqEScpD2I6VCISjKKV HtK7vlv1at4cZJX4BalCgUbf/e oNEpbFXCGT1Jiu76UY5FSjYJJ PK73M8JSyMR3yrqWKxtwE+fzSK TmzyoBEibalkMzV3xM5jY2ZxKH tjCmOzLI3E//zuhlG10EuVJoh V2yxKMokwYTM3iYDoTlDObGEMi 3srYSNqKYMbTgVG4K//PIqaV3 UfK/m319W66SIowwncArn4MMV1 OEWGtAEBhE8wyu8OWPnxXl3Pha tJaeYOYY/cD5/AGt6jSo=</la texit><latexit sha1 _base64="HYsl3GQSstGOj7x/t DJQehdWaBY=">AAAB6XicbVBNS 8NAEJ3Ur1q/oh69LBbBU0lE0G PBiyepYj+gDWWz3bRLN5uwOxFK 6D/w4kERr/4jb/4bt20O2vpg4 PHeDDPzwlQKg5737ZTW1jc2t8r blZ3dvf0D9/CoZZJMM95kiUx0J 6SGS6F4EwVK3kk1p3EoeTsc38 z89hPXRiTqEScpD2I6VCISjKKV HtK7vlv1at4cZJX4BalCgUbf/e oNEpbFXCGT1Jiu76UY5FSjYJJ PK73M8JSyMR3yrqWKxtwE+fzSK TmzyoBEibalkMzV3xM5jY2ZxKH tjCmOzLI3E//zuhlG10EuVJoh V2yxKMokwYTM3iYDoTlDObGEMi 3srYSNqKYMbTgVG4K//PIqaV3 UfK/m319W66SIowwncArn4MMV1 OEWGtAEBhE8wyu8OWPnxXl3Pha tJaeYOYY/cD5/AGt6jSo=</la texit><latexit sha1 _base64="HYsl3GQSstGOj7x/t DJQehdWaBY=">AAAB6XicbVBNS 8NAEJ3Ur1q/oh69LBbBU0lE0G PBiyepYj+gDWWz3bRLN5uwOxFK 6D/w4kERr/4jb/4bt20O2vpg4 PHeDDPzwlQKg5737ZTW1jc2t8r blZ3dvf0D9/CoZZJMM95kiUx0J 6SGS6F4EwVK3kk1p3EoeTsc38 z89hPXRiTqEScpD2I6VCISjKKV HtK7vlv1at4cZJX4BalCgUbf/e oNEpbFXCGT1Jiu76UY5FSjYJJ PK73M8JSyMR3yrqWKxtwE+fzSK TmzyoBEibalkMzV3xM5jY2ZxKH tjCmOzLI3E//zuhlG10EuVJoh V2yxKMokwYTM3iYDoTlDObGEMi 3srYSNqKYMbTgVG4K//PIqaV3 UfK/m319W66SIowwncArn4MMV1 OEWGtAEBhE8wyu8OWPnxXl3Pha tJaeYOYY/cD5/AGt6jSo=</la texit>
A1
<latexit sha1_base64="DwGW qw8BKYcm0tSi7+6EzHXSfZ8=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LFbBU0mkoMeKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kz X/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxq mTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEn C/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSW pM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScW2VAwljbUk jm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZ n+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpZ HkcRTuAULsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A +fwCu0Y1L</latexit><latexit sha1_base64="DwGW qw8BKYcm0tSi7+6EzHXSfZ8=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LFbBU0mkoMeKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kz X/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxq mTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEn C/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSW pM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScW2VAwljbUk jm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZ n+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpZ HkcRTuAULsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A +fwCu0Y1L</latexit><latexit sha1_base64="DwGW qw8BKYcm0tSi7+6EzHXSfZ8=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LFbBU0mkoMeKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kz X/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxq mTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEn C/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSW pM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScW2VAwljbUk jm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZ n+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpZ HkcRTuAULsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A +fwCu0Y1L</latexit><latexit sha1_base64="DwGW qw8BKYcm0tSi7+6EzHXSfZ8=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LFbBU0mkoMeKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kz X/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxq mTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEn C/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSW pM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScW2VAwljbUk jm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZ n+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpZ HkcRTuAULsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A +fwCu0Y1L</latexit>
A2
<latexit sha1 _base64="b7iO7WS2sxH8KaOUj 9Dllix/apE=">AAAB6nicbVBNS 8NAEJ3Ur1q/qh69LFbBU0mKoM eKF48V7Qe0oWy2k3bpZhN2N0IJ /QlePCji1V/kzX/jts1BWx8MP N6bYWZekAiujet+O4W19Y3NreJ 2aWd3b/+gfHjU0nGqGDZZLGLVC ahGwSU2DTcCO4lCGgUC28H4du a3n1BpHstHM0nQj+hQ8pAzaqz0 cNOv9csVt+rOQVaJl5MK5Gj0y1 +9QczSCKVhgmrd9dzE+BlVhjO B01Iv1ZhQNqZD7FoqaYTaz+anT sm5VQYkjJUtachc/T2R0UjrSRT YzoiakV72ZuJ/Xjc14bWfcZmk BiVbLApTQUxMZn+TAVfIjJhYQp ni9lbCRlRRZmw6JRuCt/zyKmn Vqp5b9e4vK/WzPI4inMApXIAHV 1CHO2hAExgM4Rle4c0Rzovz7nw sWgtOPnMMf+B8/gCwVY1M</la texit><latexit sha1 _base64="b7iO7WS2sxH8KaOUj 9Dllix/apE=">AAAB6nicbVBNS 8NAEJ3Ur1q/qh69LFbBU0mKoM eKF48V7Qe0oWy2k3bpZhN2N0IJ /QlePCji1V/kzX/jts1BWx8MP N6bYWZekAiujet+O4W19Y3NreJ 2aWd3b/+gfHjU0nGqGDZZLGLVC ahGwSU2DTcCO4lCGgUC28H4du a3n1BpHstHM0nQj+hQ8pAzaqz0 cNOv9csVt+rOQVaJl5MK5Gj0y1 +9QczSCKVhgmrd9dzE+BlVhjO B01Iv1ZhQNqZD7FoqaYTaz+anT sm5VQYkjJUtachc/T2R0UjrSRT YzoiakV72ZuJ/Xjc14bWfcZmk BiVbLApTQUxMZn+TAVfIjJhYQp ni9lbCRlRRZmw6JRuCt/zyKmn Vqp5b9e4vK/WzPI4inMApXIAHV 1CHO2hAExgM4Rle4c0Rzovz7nw sWgtOPnMMf+B8/gCwVY1M</la texit><latexit sha1 _base64="b7iO7WS2sxH8KaOUj 9Dllix/apE=">AAAB6nicbVBNS 8NAEJ3Ur1q/qh69LFbBU0mKoM eKF48V7Qe0oWy2k3bpZhN2N0IJ /QlePCji1V/kzX/jts1BWx8MP N6bYWZekAiujet+O4W19Y3NreJ 2aWd3b/+gfHjU0nGqGDZZLGLVC ahGwSU2DTcCO4lCGgUC28H4du a3n1BpHstHM0nQj+hQ8pAzaqz0 cNOv9csVt+rOQVaJl5MK5Gj0y1 +9QczSCKVhgmrd9dzE+BlVhjO B01Iv1ZhQNqZD7FoqaYTaz+anT sm5VQYkjJUtachc/T2R0UjrSRT YzoiakV72ZuJ/Xjc14bWfcZmk BiVbLApTQUxMZn+TAVfIjJhYQp ni9lbCRlRRZmw6JRuCt/zyKmn Vqp5b9e4vK/WzPI4inMApXIAHV 1CHO2hAExgM4Rle4c0Rzovz7nw sWgtOPnMMf+B8/gCwVY1M</la texit><latexit sha1 _base64="b7iO7WS2sxH8KaOUj 9Dllix/apE=">AAAB6nicbVBNS 8NAEJ3Ur1q/qh69LFbBU0mKoM eKF48V7Qe0oWy2k3bpZhN2N0IJ /QlePCji1V/kzX/jts1BWx8MP N6bYWZekAiujet+O4W19Y3NreJ 2aWd3b/+gfHjU0nGqGDZZLGLVC ahGwSU2DTcCO4lCGgUC28H4du a3n1BpHstHM0nQj+hQ8pAzaqz0 cNOv9csVt+rOQVaJl5MK5Gj0y1 +9QczSCKVhgmrd9dzE+BlVhjO B01Iv1ZhQNqZD7FoqaYTaz+anT sm5VQYkjJUtachc/T2R0UjrSRT YzoiakV72ZuJ/Xjc14bWfcZmk BiVbLApTQUxMZn+TAVfIjJhYQp ni9lbCRlRRZmw6JRuCt/zyKmn Vqp5b9e4vK/WzPI4inMApXIAHV 1CHO2hAExgM4Rle4c0Rzovz7nw sWgtOPnMMf+B8/gCwVY1M</la texit>
B
<latexi t sha1_base64 ="nk/oaoSInTQ V3ORE8nYS6Rl 6b+k=">AAAB6H icbVBNS8NAEJ3 Ur1q/qh69LFbB U0lE0GPRi8cW7 Ae0oWy2k3btZ hN2N0IJ/QVePC ji1Z/kzX/jts1 BWx8MPN6bYWZe kAiujet+O4W19 Y3NreJ2aWd3b/ +gfHjU0nGqGD ZZLGLVCahGwSU 2DTcCO4lCGgUC 28H4bua3n1BpH ssHM0nQj+hQ8p AzaqzUuO2XK2 7VnYOsEi8nFch R75e/eoOYpRFK wwTVuuu5ifEzq gxnAqelXqoxoW xMh9i1VNIItZ /ND52Sc6sMSBg rW9KQufp7IqOR 1pMosJ0RNSO97 M3E/7xuasIbP+ MySQ1KtlgUpoK YmMy+JgOukBk xsYQyxe2thI2o oszYbEo2BG/55 VXSuqx6btVrXF VqZ3kcRTiBU7g AD66hBvdQhyY wQHiGV3hzHp0X 5935WLQWnHzmG P7A+fwBi1uMqA ==</latexit><latexi t sha1_base64 ="nk/oaoSInTQ V3ORE8nYS6Rl 6b+k=">AAAB6H icbVBNS8NAEJ3 Ur1q/qh69LFbB U0lE0GPRi8cW7 Ae0oWy2k3btZ hN2N0IJ/QVePC ji1Z/kzX/jts1 BWx8MPN6bYWZe kAiujet+O4W19 Y3NreJ2aWd3b/ +gfHjU0nGqGD ZZLGLVCahGwSU 2DTcCO4lCGgUC 28H4bua3n1BpH ssHM0nQj+hQ8p AzaqzUuO2XK2 7VnYOsEi8nFch R75e/eoOYpRFK wwTVuuu5ifEzq gxnAqelXqoxoW xMh9i1VNIItZ /ND52Sc6sMSBg rW9KQufp7IqOR 1pMosJ0RNSO97 M3E/7xuasIbP+ MySQ1KtlgUpoK YmMy+JgOukBk xsYQyxe2thI2o oszYbEo2BG/55 VXSuqx6btVrXF VqZ3kcRTiBU7g AD66hBvdQhyY wQHiGV3hzHp0X 5935WLQWnHzmG P7A+fwBi1uMqA ==</latexit><latexi t sha1_base64 ="nk/oaoSInTQ V3ORE8nYS6Rl 6b+k=">AAAB6H icbVBNS8NAEJ3 Ur1q/qh69LFbB U0lE0GPRi8cW7 Ae0oWy2k3btZ hN2N0IJ/QVePC ji1Z/kzX/jts1 BWx8MPN6bYWZe kAiujet+O4W19 Y3NreJ2aWd3b/ +gfHjU0nGqGD ZZLGLVCahGwSU 2DTcCO4lCGgUC 28H4bua3n1BpH ssHM0nQj+hQ8p AzaqzUuO2XK2 7VnYOsEi8nFch R75e/eoOYpRFK wwTVuuu5ifEzq gxnAqelXqoxoW xMh9i1VNIItZ /ND52Sc6sMSBg rW9KQufp7IqOR 1pMosJ0RNSO97 M3E/7xuasIbP+ MySQ1KtlgUpoK YmMy+JgOukBk xsYQyxe2thI2o oszYbEo2BG/55 VXSuqx6btVrXF VqZ3kcRTiBU7g AD66hBvdQhyY wQHiGV3hzHp0X 5935WLQWnHzmG P7A+fwBi1uMqA ==</latexit><latexi t sha1_base64 ="nk/oaoSInTQ V3ORE8nYS6Rl 6b+k=">AAAB6H icbVBNS8NAEJ3 Ur1q/qh69LFbB U0lE0GPRi8cW7 Ae0oWy2k3btZ hN2N0IJ/QVePC ji1Z/kzX/jts1 BWx8MPN6bYWZe kAiujet+O4W19 Y3NreJ2aWd3b/ +gfHjU0nGqGD ZZLGLVCahGwSU 2DTcCO4lCGgUC 28H4bua3n1BpH ssHM0nQj+hQ8p AzaqzUuO2XK2 7VnYOsEi8nFch R75e/eoOYpRFK wwTVuuu5ifEzq gxnAqelXqoxoW xMh9i1VNIItZ /ND52Sc6sMSBg rW9KQufp7IqOR 1pMosJ0RNSO97 M3E/7xuasIbP+ MySQ1KtlgUpoK YmMy+JgOukBk xsYQyxe2thI2o oszYbEo2BG/55 VXSuqx6btVrXF VqZ3kcRTiBU7g AD66hBvdQhyY wQHiGV3hzHp0X 5935WLQWnHzmG P7A+fwBi1uMqA ==</latexit>
…
Bell pairs
… …
 N
<latexit sha1_base64="OA1LYSlKPXMorWbXBMAZ4cxPu 1s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRiyepYD+gDWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg 4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5HD2ac MF/iIOIhp2is1O4OUEokd71yxa26M5Bl4uWkAjnqvfJXtx/TVLLIUIFadzw3MX6GynAq2KTUTTVLkI5wwDqWRiiZ9rPZv RNyYpU+CWNlKzJkpv6eyFBqPZaB7ZRohnrRm4r/eZ3UhFd+xqMkNSyi80VhKoiJyfR50ueKUSPGliBV3N5K6BAVUmMjKt kQvMWXl0nzrOqdV937i0rtOo+jCEdwDKfgwSXU4Bbq0AAKAp7hFd6cR+fFeXc+5q0FJ585hD9wPn8AfRiPmQ==</latex it>
(1   )N
<latexit sha1_base64="dv30He16M6q8kTpKddf+utO0Qpo=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQD5ZdFfRY9 OJJKtgP6C5lNs22oUl2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKXjVBHaJDGPVScETTmTtGmY4bSTKAoi5LQdjm6nfvuJKs1i+WjGCQ0EDCSLGAFjJb/qnfkDEAJO8X2vXHFr7gx4mXg5qaAcjV7 5y+/HJBVUGsJB667nJibIQBlGOJ2U/FTTBMgIBrRrqQRBdZDNbp7gE6v0cRQrW9Lgmfp7IgOh9ViEtlOAGepFbyr+53VTE10HGZNJaqgk80VRyrGJ8TQA3GeKEsPHlgBRzN6KyRAUEGNjKtkQvMWXl0nrvOZd1NyHy0r9Jo+jiI7QMaoiD12hOrpD DdREBCXoGb2iNyd1Xpx352PeWnDymUP0B87nDyIukHA=</latexit>
(1   )N
<latexit sha1_base64="dv30He16M6q8kTpKddf+utO0Q po=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQD5ZdFfRY9OJJKtgP6C5lNs22oUl2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+ GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKXjVBHaJDGPVScETTmTtGmY4bSTKAoi5LQdjm6nfvuJKs1i+WjG CQ0EDCSLGAFjJb/qnfkDEAJO8X2vXHFr7gx4mXg5qaAcjV75y+/HJBVUGsJB667nJibIQBlGOJ2U/FTTBMgIBrRrqQRBd ZDNbp7gE6v0cRQrW9Lgmfp7IgOh9ViEtlOAGepFbyr+53VTE10HGZNJaqgk80VRyrGJ8TQA3GeKEsPHlgBRzN6KyRAUEG NjKtkQvMWXl0nrvOZd1NyHy0r9Jo+jiI7QMaoiD12hOrpDDdREBCXoGb2iNyd1Xpx352PeWnDymUP0B87nDyIukHA=</l atexit>
qubits qubits
(1  p)N
<latexit sha1_base64="k4ti Dc1kCdIiQ1PLVpX4cfpxT00=">AAAB7XicbVBNSwMxEJ31s9avq kcvwSLUg2VXBD0WvHiSCvYD2qVk02wbm01CkhXK0v/gxYMiXv0/3 vw3pu0etPXBwOO9GWbmRYozY33/21tZXVvf2CxsFbd3dvf2SweH TSNTTWiDSC51O8KGciZowzLLaVtpipOI01Y0upn6rSeqDZPiwY4 VDRM8ECxmBFsnNSvBuTq765XKftWfAS2TICdlyFHvlb66fUnShA pLODamE/jKhhnWlhFOJ8VuaqjCZIQHtOOowAk1YTa7doJOndJHsd SuhEUz9fdEhhNjxknkOhNsh2bRm4r/eZ3UxtdhxoRKLRVkvihOO bISTV9HfaYpsXzsCCaauVsRGWKNiXUBFV0IweLLy6R5UQ38anB/ Wa6hPI4CHMMJVCCAK6jBLdShAQQe4Rle4c2T3ov37n3MW1e8fOY I/sD7/AELJI4B</latexit><latexit sha1_base64="k4ti Dc1kCdIiQ1PLVpX4cfpxT00=">AAAB7XicbVBNSwMxEJ31s9avq kcvwSLUg2VXBD0WvHiSCvYD2qVk02wbm01CkhXK0v/gxYMiXv0/3 vw3pu0etPXBwOO9GWbmRYozY33/21tZXVvf2CxsFbd3dvf2SweH TSNTTWiDSC51O8KGciZowzLLaVtpipOI01Y0upn6rSeqDZPiwY4 VDRM8ECxmBFsnNSvBuTq765XKftWfAS2TICdlyFHvlb66fUnShA pLODamE/jKhhnWlhFOJ8VuaqjCZIQHtOOowAk1YTa7doJOndJHsd SuhEUz9fdEhhNjxknkOhNsh2bRm4r/eZ3UxtdhxoRKLRVkvihOO bISTV9HfaYpsXzsCCaauVsRGWKNiXUBFV0IweLLy6R5UQ38anB/ Wa6hPI4CHMMJVCCAK6jBLdShAQQe4Rle4c2T3ov37n3MW1e8fOY I/sD7/AELJI4B</latexit><latexit sha1_base64="k4ti Dc1kCdIiQ1PLVpX4cfpxT00=">AAAB7XicbVBNSwMxEJ31s9avq kcvwSLUg2VXBD0WvHiSCvYD2qVk02wbm01CkhXK0v/gxYMiXv0/3 vw3pu0etPXBwOO9GWbmRYozY33/21tZXVvf2CxsFbd3dvf2SweH TSNTTWiDSC51O8KGciZowzLLaVtpipOI01Y0upn6rSeqDZPiwY4 VDRM8ECxmBFsnNSvBuTq765XKftWfAS2TICdlyFHvlb66fUnShA pLODamE/jKhhnWlhFOJ8VuaqjCZIQHtOOowAk1YTa7doJOndJHsd SuhEUz9fdEhhNjxknkOhNsh2bRm4r/eZ3UxtdhxoRKLRVkvihOO bISTV9HfaYpsXzsCCaauVsRGWKNiXUBFV0IweLLy6R5UQ38anB/ Wa6hPI4CHMMJVCCAK6jBLdShAQQe4Rle4c2T3ov37n3MW1e8fOY I/sD7/AELJI4B</latexit><latexit sha1_base64="k4ti Dc1kCdIiQ1PLVpX4cfpxT00=">AAAB7XicbVBNSwMxEJ31s9avq kcvwSLUg2VXBD0WvHiSCvYD2qVk02wbm01CkhXK0v/gxYMiXv0/3 vw3pu0etPXBwOO9GWbmRYozY33/21tZXVvf2CxsFbd3dvf2SweH TSNTTWiDSC51O8KGciZowzLLaVtpipOI01Y0upn6rSeqDZPiwY4 VDRM8ECxmBFsnNSvBuTq765XKftWfAS2TICdlyFHvlb66fUnShA pLODamE/jKhhnWlhFOJ8VuaqjCZIQHtOOowAk1YTa7doJOndJHsd SuhEUz9fdEhhNjxknkOhNsh2bRm4r/eZ3UxtdhxoRKLRVkvihOO bISTV9HfaYpsXzsCCaauVsRGWKNiXUBFV0IweLLy6R5UQ38anB/ Wa6hPI4CHMMJVCCAK6jBLdShAQQe4Rle4c2T3ov37n3MW1e8fOY I/sD7/AELJI4B</latexit>
pN
<latexit sha1 _base64="HYsl3GQSstGOj7x/t DJQehdWaBY=">AAAB6XicbVBNS 8NAEJ3Ur1q/oh69LBbBU0lE0G PBiyepYj+gDWWz3bRLN5uwOxFK 6D/w4kERr/4jb/4bt20O2vpg4 PHeDDPzwlQKg5737ZTW1jc2t8r blZ3dvf0D9/CoZZJMM95kiUx0J 6SGS6F4EwVK3kk1p3EoeTsc38 z89hPXRiTqEScpD2I6VCISjKKV HtK7vlv1at4cZJX4BalCgUbf/e oNEpbFXCGT1Jiu76UY5FSjYJJ PK73M8JSyMR3yrqWKxtwE+fzSK TmzyoBEibalkMzV3xM5jY2ZxKH tjCmOzLI3E//zuhlG10EuVJoh V2yxKMokwYTM3iYDoTlDObGEMi 3srYSNqKYMbTgVG4K//PIqaV3 UfK/m319W66SIowwncArn4MMV1 OEWGtAEBhE8wyu8OWPnxXl3Pha tJaeYOYY/cD5/AGt6jSo=</la texit><latexit sha1 _base64="HYsl3GQSstGOj7x/t DJQehdWaBY=">AAAB6XicbVBNS 8NAEJ3Ur1q/oh69LBbBU0lE0G PBiyepYj+gDWWz3bRLN5uwOxFK 6D/w4kERr/4jb/4bt20O2vpg4 PHeDDPzwlQKg5737ZTW1jc2t8r blZ3dvf0D9/CoZZJMM95kiUx0J 6SGS6F4EwVK3kk1p3EoeTsc38 z89hPXRiTqEScpD2I6VCISjKKV HtK7vlv1at4cZJX4BalCgUbf/e oNEpbFXCGT1Jiu76UY5FSjYJJ PK73M8JSyMR3yrqWKxtwE+fzSK TmzyoBEibalkMzV3xM5jY2ZxKH tjCmOzLI3E//zuhlG10EuVJoh V2yxKMokwYTM3iYDoTlDObGEMi 3srYSNqKYMbTgVG4K//PIqaV3 UfK/m319W66SIowwncArn4MMV1 OEWGtAEBhE8wyu8OWPnxXl3Pha tJaeYOYY/cD5/AGt6jSo=</la texit><latexit sha1 _base64="HYsl3GQSstGOj7x/t DJQehdWaBY=">AAAB6XicbVBNS 8NAEJ3Ur1q/oh69LBbBU0lE0G PBiyepYj+gDWWz3bRLN5uwOxFK 6D/w4kERr/4jb/4bt20O2vpg4 PHeDDPzwlQKg5737ZTW1jc2t8r blZ3dvf0D9/CoZZJMM95kiUx0J 6SGS6F4EwVK3kk1p3EoeTsc38 z89hPXRiTqEScpD2I6VCISjKKV HtK7vlv1at4cZJX4BalCgUbf/e oNEpbFXCGT1Jiu76UY5FSjYJJ PK73M8JSyMR3yrqWKxtwE+fzSK TmzyoBEibalkMzV3xM5jY2ZxKH tjCmOzLI3E//zuhlG10EuVJoh V2yxKMokwYTM3iYDoTlDObGEMi 3srYSNqKYMbTgVG4K//PIqaV3 UfK/m319W66SIowwncArn4MMV1 OEWGtAEBhE8wyu8OWPnxXl3Pha tJaeYOYY/cD5/AGt6jSo=</la texit><latexit sha1 _base64="HYsl3GQSstGOj7x/t DJQehdWaBY=">AAAB6XicbVBNS 8NAEJ3Ur1q/oh69LBbBU0lE0G PBiyepYj+gDWWz3bRLN5uwOxFK 6D/w4kERr/4jb/4bt20O2vpg4 PHeDDPzwlQKg5737ZTW1jc2t8r blZ3dvf0D9/CoZZJMM95kiUx0J 6SGS6F4EwVK3kk1p3EoeTsc38 z89hPXRiTqEScpD2I6VCISjKKV HtK7vlv1at4cZJX4BalCgUbf/e oNEpbFXCGT1Jiu76UY5FSjYJJ PK73M8JSyMR3yrqWKxtwE+fzSK TmzyoBEibalkMzV3xM5jY2ZxKH tjCmOzLI3E//zuhlG10EuVJoh V2yxKMokwYTM3iYDoTlDObGEMi 3srYSNqKYMbTgVG4K//PIqaV3 UfK/m319W66SIowwncArn4MMV1 OEWGtAEBhE8wyu8OWPnxXl3Pha tJaeYOYY/cD5/AGt6jSo=</la texit>
A1
<latexit sha1_base64="DwGW qw8BKYcm0tSi7+6EzHXSfZ8=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LFbBU0mkoMeKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kz X/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxq mTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEn C/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSW pM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScW2VAwljbUk jm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZ n+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpZ HkcRTuAULsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A +fwCu0Y1L</latexit><latexit sha1_base64="DwGW qw8BKYcm0tSi7+6EzHXSfZ8=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LFbBU0mkoMeKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kz X/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxq mTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEn C/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSW pM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScW2VAwljbUk jm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZ n+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpZ HkcRTuAULsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A +fwCu0Y1L</latexit><latexit sha1_base64="DwGW qw8BKYcm0tSi7+6EzHXSfZ8=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LFbBU0mkoMeKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kz X/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxq mTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEn C/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSW pM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScW2VAwljbUk jm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZ n+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpZ HkcRTuAULsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A +fwCu0Y1L</latexit><latexit sha1_base64="DwGW qw8BKYcm0tSi7+6EzHXSfZ8=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LFbBU0mkoMeKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kz X/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxq mTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEn C/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSW pM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScW2VAwljbUk jm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZ n+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq55b9e5rlfpZ HkcRTuAULsCDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A +fwCu0Y1L</latexit>
A2
<latexit sha1 _base64="b7iO7WS2sxH8KaOUj 9Dllix/apE=">AAAB6nicbVBNS 8NAEJ3Ur1q/qh69LFbBU0mKoM eKF48V7Qe0oWy2k3bpZhN2N0IJ /QlePCji1V/kzX/jts1BWx8MP N6bYWZekAiujet+O4W19Y3NreJ 2aWd3b/+gfHjU0nGqGDZZLGLVC ahGwSU2DTcCO4lCGgUC28H4du a3n1BpHstHM0nQj+hQ8pAzaqz0 cNOv9csVt+rOQVaJl5MK5Gj0y1 +9QczSCKVhgmrd9dzE+BlVhjO B01Iv1ZhQNqZD7FoqaYTaz+anT sm5VQYkjJUtachc/T2R0UjrSRT YzoiakV72ZuJ/Xjc14bWfcZmk BiVbLApTQUxMZn+TAVfIjJhYQp ni9lbCRlRRZmw6JRuCt/zyKmn Vqp5b9e4vK/WzPI4inMApXIAHV 1CHO2hAExgM4Rle4c0Rzovz7nw sWgtOPnMMf+B8/gCwVY1M</la texit><latexit sha1 _base64="b7iO7WS2sxH8KaOUj 9Dllix/apE=">AAAB6nicbVBNS 8NAEJ3Ur1q/qh69LFbBU0mKoM eKF48V7Qe0oWy2k3bpZhN2N0IJ /QlePCji1V/kzX/jts1BWx8MP N6bYWZekAiujet+O4W19Y3NreJ 2aWd3b/+gfHjU0nGqGDZZLGLVC ahGwSU2DTcCO4lCGgUC28H4du a3n1BpHstHM0nQj+hQ8pAzaqz0 cNOv9csVt+rOQVaJl5MK5Gj0y1 +9QczSCKVhgmrd9dzE+BlVhjO B01Iv1ZhQNqZD7FoqaYTaz+anT sm5VQYkjJUtachc/T2R0UjrSRT YzoiakV72ZuJ/Xjc14bWfcZmk BiVbLApTQUxMZn+TAVfIjJhYQp ni9lbCRlRRZmw6JRuCt/zyKmn Vqp5b9e4vK/WzPI4inMApXIAHV 1CHO2hAExgM4Rle4c0Rzovz7nw sWgtOPnMMf+B8/gCwVY1M</la texit><latexit sha1 _base64="b7iO7WS2sxH8KaOUj 9Dllix/apE=">AAAB6nicbVBNS 8NAEJ3Ur1q/qh69LFbBU0mKoM eKF48V7Qe0oWy2k3bpZhN2N0IJ /QlePCji1V/kzX/jts1BWx8MP N6bYWZekAiujet+O4W19Y3NreJ 2aWd3b/+gfHjU0nGqGDZZLGLVC ahGwSU2DTcCO4lCGgUC28H4du a3n1BpHstHM0nQj+hQ8pAzaqz0 cNOv9csVt+rOQVaJl5MK5Gj0y1 +9QczSCKVhgmrd9dzE+BlVhjO B01Iv1ZhQNqZD7FoqaYTaz+anT sm5VQYkjJUtachc/T2R0UjrSRT YzoiakV72ZuJ/Xjc14bWfcZmk BiVbLApTQUxMZn+TAVfIjJhYQp ni9lbCRlRRZmw6JRuCt/zyKmn Vqp5b9e4vK/WzPI4inMApXIAHV 1CHO2hAExgM4Rle4c0Rzovz7nw sWgtOPnMMf+B8/gCwVY1M</la texit><latexit sha1 _base64="b7iO7WS2sxH8KaOUj 9Dllix/apE=">AAAB6nicbVBNS 8NAEJ3Ur1q/qh69LFbBU0mKoM eKF48V7Qe0oWy2k3bpZhN2N0IJ /QlePCji1V/kzX/jts1BWx8MP N6bYWZekAiujet+O4W19Y3NreJ 2aWd3b/+gfHjU0nGqGDZZLGLVC ahGwSU2DTcCO4lCGgUC28H4du a3n1BpHstHM0nQj+hQ8pAzaqz0 cNOv9csVt+rOQVaJl5MK5Gj0y1 +9QczSCKVhgmrd9dzE+BlVhjO B01Iv1ZhQNqZD7FoqaYTaz+anT sm5VQYkjJUtachc/T2R0UjrSRT YzoiakV72ZuJ/Xjc14bWfcZmk BiVbLApTQUxMZn+TAVfIjJhYQp ni9lbCRlRRZmw6JRuCt/zyKmn Vqp5b9e4vK/WzPI4inMApXIAHV 1CHO2hAExgM4Rle4c0Rzovz7nw sWgtOPnMMf+B8/gCwVY1M</la texit>
B
<latexit sha1 _base64="nk/oaoSInTQV3ORE8 nYS6Rl6b+k=">AAAB6HicbVBNS 8NAEJ3Ur1q/qh69LFbBU0lE0G PRi8cW7Ae0oWy2k3btZhN2N0IJ /QVePCji1Z/kzX/jts1BWx8MP N6bYWZekAiujet+O4W19Y3NreJ 2aWd3b/+gfHjU0nGqGDZZLGLVC ahGwSU2DTcCO4lCGgUC28H4bu a3n1BpHssHM0nQj+hQ8pAzaqzU uO2XK27VnYOsEi8nFchR75e/eo OYpRFKwwTVuuu5ifEzqgxnAqe lXqoxoWxMh9i1VNIItZ/ND52Sc 6sMSBgrW9KQufp7IqOR1pMosJ0 RNSO97M3E/7xuasIbP+MySQ1K tlgUpoKYmMy+JgOukBkxsYQyxe 2thI2ooszYbEo2BG/55VXSuqx 6btVrXFVqZ3kcRTiBU7gAD66hB vdQhyYwQHiGV3hzHp0X5935WLQ WnHzmGP7A+fwBi1uMqA==</la texit><latexit sha1 _base64="nk/oaoSInTQV3ORE8 nYS6Rl6b+k=">AAAB6HicbVBNS 8NAEJ3Ur1q/qh69LFbBU0lE0G PRi8cW7Ae0oWy2k3btZhN2N0IJ /QVePCji1Z/kzX/jts1BWx8MP N6bYWZekAiujet+O4W19Y3NreJ 2aWd3b/+gfHjU0nGqGDZZLGLVC ahGwSU2DTcCO4lCGgUC28H4bu a3n1BpHssHM0nQj+hQ8pAzaqzU uO2XK27VnYOsEi8nFchR75e/eo OYpRFKwwTVuuu5ifEzqgxnAqe lXqoxoWxMh9i1VNIItZ/ND52Sc 6sMSBgrW9KQufp7IqOR1pMosJ0 RNSO97M3E/7xuasIbP+MySQ1K tlgUpoKYmMy+JgOukBkxsYQyxe 2thI2ooszYbEo2BG/55VXSuqx 6btVrXFVqZ3kcRTiBU7gAD66hB vdQhyYwQHiGV3hzHp0X5935WLQ WnHzmGP7A+fwBi1uMqA==</la texit><latexit sha1 _base64="nk/oaoSInTQV3ORE8 nYS6Rl6b+k=">AAAB6HicbVBNS 8NAEJ3Ur1q/qh69LFbBU0lE0G PRi8cW7Ae0oWy2k3btZhN2N0IJ /QVePCji1Z/kzX/jts1BWx8MP N6bYWZekAiujet+O4W19Y3NreJ 2aWd3b/+gfHjU0nGqGDZZLGLVC ahGwSU2DTcCO4lCGgUC28H4bu a3n1BpHssHM0nQj+hQ8pAzaqzU uO2XK27VnYOsEi8nFchR75e/eo OYpRFKwwTVuuu5ifEzqgxnAqe lXqoxoWxMh9i1VNIItZ/ND52Sc 6sMSBgrW9KQufp7IqOR1pMosJ0 RNSO97M3E/7xuasIbP+MySQ1K tlgUpoKYmMy+JgOukBkxsYQyxe 2thI2ooszYbEo2BG/55VXSuqx 6btVrXFVqZ3kcRTiBU7gAD66hB vdQhyYwQHiGV3hzHp0X5935WLQ WnHzmGP7A+fwBi1uMqA==</la texit><latexit sha1 _base64="nk/oaoSInTQV3ORE8 nYS6Rl6b+k=">AAAB6HicbVBNS 8NAEJ3Ur1q/qh69LFbBU0lE0G PRi8cW7Ae0oWy2k3btZhN2N0IJ /QVePCji1Z/kzX/jts1BWx8MP N6bYWZekAiujet+O4W19Y3NreJ 2aWd3b/+gfHjU0nGqGDZZLGLVC ahGwSU2DTcCO4lCGgUC28H4bu a3n1BpHssHM0nQj+hQ8pAzaqzU uO2XK27VnYOsEi8nFchR75e/eo OYpRFKwwTVuuu5ifEzqgxnAqe lXqoxoWxMh9i1VNIItZ/ND52Sc 6sMSBgrW9KQufp7IqOR1pMosJ0 RNSO97M3E/7xuasIbP+MySQ1K tlgUpoKYmMy+JgOukBkxsYQyxe 2thI2ooszYbEo2BG/55VXSuqx 6btVrXFVqZ3kcRTiBU7gAD66hB vdQhyYwQHiGV3hzHp0X5935WLQ WnHzmGP7A+fwBi1uMqA==</la texit>
UA
<latexit sha1_base64="05Kk Mo72t17iWbx1AFf+2hruHs8=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LBbBg5REBD1WvHisaGyhDWWz3bRLN5uwOxFK6E/w4kERr/4ib /4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7B o0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAcc pD2I6UCISjKKV7v3eda9ac+vuDGSZeAWpQYFmr/rV7Scsi7lCJq kxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyYpU+iRJtSy GZqb8nchobM45D2xlTHJpFbyr+53UyjK6CXKg0Q67YfFGUSYIJm f5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/HlZfJ4Xvfcund3UWuc FXGU4QiO4RQ8uIQG3EITfGAwgGd4hTdHOi/Ou/Mxby05xcwh/IH z+QPn8Y13</latexit><latexit sha1_base64="05Kk Mo72t17iWbx1AFf+2hruHs8=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LBbBg5REBD1WvHisaGyhDWWz3bRLN5uwOxFK6E/w4kERr/4ib /4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7B o0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAcc pD2I6UCISjKKV7v3eda9ac+vuDGSZeAWpQYFmr/rV7Scsi7lCJq kxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyYpU+iRJtSy GZqb8nchobM45D2xlTHJpFbyr+53UyjK6CXKg0Q67YfFGUSYIJm f5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/HlZfJ4Xvfcund3UWuc FXGU4QiO4RQ8uIQG3EITfGAwgGd4hTdHOi/Ou/Mxby05xcwh/IH z+QPn8Y13</latexit><latexit sha1_base64="05Kk Mo72t17iWbx1AFf+2hruHs8=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LBbBg5REBD1WvHisaGyhDWWz3bRLN5uwOxFK6E/w4kERr/4ib /4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7B o0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAcc pD2I6UCISjKKV7v3eda9ac+vuDGSZeAWpQYFmr/rV7Scsi7lCJq kxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyYpU+iRJtSy GZqb8nchobM45D2xlTHJpFbyr+53UyjK6CXKg0Q67YfFGUSYIJm f5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/HlZfJ4Xvfcund3UWuc FXGU4QiO4RQ8uIQG3EITfGAwgGd4hTdHOi/Ou/Mxby05xcwh/IH z+QPn8Y13</latexit><latexit sha1_base64="05Kk Mo72t17iWbx1AFf+2hruHs8=">AAAB6nicbVBNS8NAEJ3Ur1q/q h69LBbBg5REBD1WvHisaGyhDWWz3bRLN5uwOxFK6E/w4kERr/4ib /4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v7B o0kyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3Uz91hPXRiTqAcc pD2I6UCISjKKV7v3eda9ac+vuDGSZeAWpQYFmr/rV7Scsi7lCJq kxHc9NMcipRsEkn1S6meEpZSM64B1LFY25CfLZqRNyYpU+iRJtSy GZqb8nchobM45D2xlTHJpFbyr+53UyjK6CXKg0Q67YfFGUSYIJm f5N+kJzhnJsCWVa2FsJG1JNGdp0KjYEb/HlZfJ4Xvfcund3UWuc FXGU4QiO4RQ8uIQG3EITfGAwgGd4hTdHOi/Ou/Mxby05xcwh/IH z+QPn8Y13</latexit>
UB
<latexit sha1 _base64="7MzxOUma0xlUj/ejM 4Ew15/HAEo=">AAAB6nicbVBNS 8NAEJ3Ur1q/qh69LBbBg5REBD 0WvXisaGyhDWWz3bRLN5uwOxFK 6E/w4kERr/4ib/4bt20O2vpg4 PHeDDPzwlQKg6777ZRWVtfWN8q bla3tnd296v7Bo0kyzbjPEpnod kgNl0JxHwVK3k41p3EoeSsc3U z91hPXRiTqAccpD2I6UCISjKKV 7v3eda9ac+vuDGSZeAWpQYFmr/ rV7Scsi7lCJqkxHc9NMcipRsE kn1S6meEpZSM64B1LFY25CfLZq RNyYpU+iRJtSyGZqb8nchobM45 D2xlTHJpFbyr+53UyjK6CXKg0 Q67YfFGUSYIJmf5N+kJzhnJsCW Va2FsJG1JNGdp0KjYEb/HlZfJ 4Xvfcund3UWucFXGU4QiO4RQ8u IQG3EITfGAwgGd4hTdHOi/Ou/M xby05xcwh/IHz+QPpdY14</la texit><latexit sha1 _base64="7MzxOUma0xlUj/ejM 4Ew15/HAEo=">AAAB6nicbVBNS 8NAEJ3Ur1q/qh69LBbBg5REBD 0WvXisaGyhDWWz3bRLN5uwOxFK 6E/w4kERr/4ib/4bt20O2vpg4 PHeDDPzwlQKg6777ZRWVtfWN8q bla3tnd296v7Bo0kyzbjPEpnod kgNl0JxHwVK3k41p3EoeSsc3U z91hPXRiTqAccpD2I6UCISjKKV 7v3eda9ac+vuDGSZeAWpQYFmr/ rV7Scsi7lCJqkxHc9NMcipRsE kn1S6meEpZSM64B1LFY25CfLZq RNyYpU+iRJtSyGZqb8nchobM45 D2xlTHJpFbyr+53UyjK6CXKg0 Q67YfFGUSYIJmf5N+kJzhnJsCW Va2FsJG1JNGdp0KjYEb/HlZfJ 4Xvfcund3UWucFXGU4QiO4RQ8u IQG3EITfGAwgGd4hTdHOi/Ou/M xby05xcwh/IHz+QPpdY14</la texit><latexit sha1 _base64="7MzxOUma0xlUj/ejM 4Ew15/HAEo=">AAAB6nicbVBNS 8NAEJ3Ur1q/qh69LBbBg5REBD 0WvXisaGyhDWWz3bRLN5uwOxFK 6E/w4kERr/4ib/4bt20O2vpg4 PHeDDPzwlQKg6777ZRWVtfWN8q bla3tnd296v7Bo0kyzbjPEpnod kgNl0JxHwVK3k41p3EoeSsc3U z91hPXRiTqAccpD2I6UCISjKKV 7v3eda9ac+vuDGSZeAWpQYFmr/ rV7Scsi7lCJqkxHc9NMcipRsE kn1S6meEpZSM64B1LFY25CfLZq RNyYpU+iRJtSyGZqb8nchobM45 D2xlTHJpFbyr+53UyjK6CXKg0 Q67YfFGUSYIJmf5N+kJzhnJsCW Va2FsJG1JNGdp0KjYEb/HlZfJ 4Xvfcund3UWucFXGU4QiO4RQ8u IQG3EITfGAwgGd4hTdHOi/Ou/M xby05xcwh/IHz+QPpdY14</la texit><latexit sha1 _base64="7MzxOUma0xlUj/ejM 4Ew15/HAEo=">AAAB6nicbVBNS 8NAEJ3Ur1q/qh69LBbBg5REBD 0WvXisaGyhDWWz3bRLN5uwOxFK 6E/w4kERr/4ib/4bt20O2vpg4 PHeDDPzwlQKg6777ZRWVtfWN8q bla3tnd296v7Bo0kyzbjPEpnod kgNl0JxHwVK3k41p3EoeSsc3U z91hPXRiTqAccpD2I6UCISjKKV 7v3eda9ac+vuDGSZeAWpQYFmr/ rV7Scsi7lCJqkxHc9NMcipRsE kn1S6meEpZSM64B1LFY25CfLZq RNyYpU+iRJtSyGZqb8nchobM45 D2xlTHJpFbyr+53UyjK6CXKg0 Q67YfFGUSYIJmf5N+kJzhnJsCW Va2FsJG1JNGdp0KjYEb/HlZfJ 4Xvfcund3UWucFXGU4QiO4RQ8u IQG3EITfGAwgGd4hTdHOi/Ou/M xby05xcwh/IHz+QPpdY14</la texit>
Bell pairs
… … …
 N
<latexit sha1_base64="OA1LYSlKPXMorWbXBMAZ4cxPu 1s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRiyepYD+gDWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg 4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5HD2ac MF/iIOIhp2is1O4OUEokd71yxa26M5Bl4uWkAjnqvfJXtx/TVLLIUIFadzw3MX6GynAq2KTUTTVLkI5wwDqWRiiZ9rPZv RNyYpU+CWNlKzJkpv6eyFBqPZaB7ZRohnrRm4r/eZ3UhFd+xqMkNSyi80VhKoiJyfR50ueKUSPGliBV3N5K6BAVUmMjKt kQvMWXl0nzrOqdV937i0rtOo+jCEdwDKfgwSXU4Bbq0AAKAp7hFd6cR+fFeXc+5q0FJ585hD9wPn8AfRiPmQ==</latex it>
(1   )N
<latexit sha1_base64="dv 30He16M6q8kTpKddf+utO0Qpo=">AAAB83icbVBNSwMxEM 3Wr1q/qh69BItQD5ZdFfRY9OJJKtgP6C5lNs22oUl2SbJC Wfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6t r6xvFzdLW9s7uXnn/oKXjVBHaJDGPVScETTmTtGmY4bSTK Aoi5LQdjm6nfvuJKs1i+WjGCQ0EDCSLGAFjJb/qnfkDEAJO 8X2vXHFr7gx4mXg5qaAcjV75y+/HJBVUGsJB667nJibIQB lGOJ2U/FTTBMgIBrRrqQRBdZDNbp7gE6v0cRQrW9Lgmfp7 IgOh9ViEtlOAGepFbyr+53VTE10HGZNJaqgk80VRyrGJ8TQ A3GeKEsPHlgBRzN6KyRAUEGNjKtkQvMWXl0nrvOZd1NyHy 0r9Jo+jiI7QMaoiD12hOrpDDdREBCXoGb2iNyd1Xpx352P eWnDymUP0B87nDyIukHA=</latexit>
UA
<latexit sha1_b ase64="PrPeSaJM0ojPO13suIb4WL wB8ak=">AAAB6nicbVBNS8NAEJ3Ur 1q/qh69LBbBU0lU0GPVi8eKpi20oW y223bpZhN2J0IJ/QlePCji1V/kzX/ jts1BWx8MPN6bYWZemEhh0HW/ncLK 6tr6RnGztLW9s7tX3j9omDjVjPssl rFuhdRwKRT3UaDkrURzGoWSN8PR7d RvPnFtRKwecZzwIKIDJfqCUbTSg9+ 97pYrbtWdgSwTLycVyFHvlr86vZil EVfIJDWm7bkJBhnVKJjkk1InNTyhb EQHvG2pohE3QTY7dUJOrNIj/VjbUk hm6u+JjEbGjKPQdkYUh2bRm4r/ee0 U+1dBJlSSIldsvqifSoIxmf5NekJz hnJsCWVa2FsJG1JNGdp0SjYEb/Hl ZdI4q3rnVff+olK7yeMowhEcwyl4c Ak1uIM6+MBgAM/wCm+OdF6cd+dj3l pw8plD+APn8wfvOY2P</latexit>
UB
<latexit sha1_base64="autbV8P Y9EbtNMMIUXobbYX0gt8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0l U0GOpF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w 8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhu B7VQhjUOBrXB0O/NbT6g0T+SjGacYxHQgecQZNVZ68Hv1XrniVt05yCrxc lKBHI1e+avbT1gWozRMUK07npuaYEKV4UzgtNTNNKaUjegAO5ZKGqMOJvN Tp+TMKn0SJcqWNGSu/p6Y0FjrcRzazpiaoV72ZuJ/Xicz0U0w4TLNDEq2W BRlgpiEzP4mfa6QGTG2hDLF7a2EDamizNh0SjYEb/nlVdK8qHqXVff+qlK r53EU4QRO4Rw8uIYa3EEDfGAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPwv Y2Q</latexit>
A1
<latexit sha1_base6 4="APBsDfOTgUT7xuOuNyJvhBgWmxo=">AAAB 6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPVi8 eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9 x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGz tLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7 UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNV Z6uO55vXLFrbozkGXi5aQCOeq98le3H7M0QmmY oFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s 9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqB e9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxU yI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+86 t5fVGo3eRxFOIJjOAUPLqEGd1CHBjAYwDO8wp sjnBfn3fmYtxacfOYQ/sD5/AG4gY1r</latex it>
A2
<latexit sha1_base64="x1GsqrjrBUVchjgk 6edzHiAeDGw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj14rGi/YA2lM120i7dbMLu RiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0 Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9XPeqvVLZrbgzkGXi5 aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJ Tf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZ tO0YbgLb68TJrVindece8vyrWbPI4CHMMJnIEHl1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI /sD5/AG6BY1s</latexit>
B
<latexit sha1_base64="sVHOAzGHs33lE5Ps QrwykCZchyA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeiz14rEF+wFtKJvtpF272YTd jVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJs sFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJG XLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6 eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6 INwVt+eZW0LiveVcVtXJertTyOApzCGVyABzdQhXuoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A +fwBlQuMyA==</latexit>
(1  p)N
<latexit sha1_base64="TA Vop6lBj+8G34zQju6UZzmaxWg=">AAAB7XicbVBNSwMxEJ 2tX7V+VT16CRahHiy7VdBj0YsnqWA/oF1KNs22sdlkSbJC WfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6t r6xv5zcLW9s7uXnH/oKlloghtEMmlagdYU84EbRhmOG3Hi uIo4LQVjG6mfuuJKs2keDDjmPoRHggWMoKNlZpl7yw+vesV S27FnQEtEy8jJchQ7xW/un1JkogKQzjWuuO5sfFTrAwjnE 4K3UTTGJMRHtCOpQJHVPvp7NoJOrFKH4VS2RIGzdTfEymO tB5Hge2MsBnqRW8q/ud1EhNe+SkTcWKoIPNFYcKRkWj6Ouo zRYnhY0swUczeisgQK0yMDahgQ/AWX14mzWrFO6+49xel2 nUWRx6O4BjK4MEl1OAW6tAAAo/wDK/w5kjnxXl3PuatOSe bOYQ/cD5/ABYIjiU=</latexit>
pN
<latexit sha1_base64="8/dfhq7rqwdOMb333+stAnbnd 9k=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRiyepYj+gDWWznbRLN5uwuxFK6D/w4kERr/4jb/4bt20O2vpg 4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGC fkQHkoecUWOlh+SuV664VXcGsky8nFQgR71X/ur2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt0Qk6s0 idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/yMyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2RC8xZ eXSfOs6p1X3fuLSu06j6MIR3AMp+DBJdTgFurQAAYhPMMrvDkj58V5dz7mrQUnnzmEP3A+fwB2Xo1O</latexit>
(1   )N
<latexit sha1_base64="dv30He16M6q8kTpKddf+utO0Q po=">AAAB83icbVBNSwMxEM3Wr1q/qh69BItQD5ZdFfRY9OJJKtgP6C5lNs22oUl2SbJCWfo3vHhQxKt/xpv/xrTdg7Y+ GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKXjVBHaJDGPVScETTmTtGmY4bSTKAoi5LQdjm6nfvuJKs1i+WjG CQ0EDCSLGAFjJb/qnfkDEAJO8X2vXHFr7gx4mXg5qaAcjV75y+/HJBVUGsJB667nJibIQBlGOJ2U/FTTBMgIBrRrqQRBd ZDNbp7gE6v0cRQrW9Lgmfp7IgOh9ViEtlOAGepFbyr+53VTE10HGZNJaqgk80VRyrGJ8TQA3GeKEsPHlgBRzN6KyRAUEG NjKtkQvMWXl0nrvOZd1NyHy0r9Jo+jiI7QMaoiD12hOrpDDdREBCXoGb2iNyd1Xpx352PeWnDymUP0B87nDyIukHA=</l atexit>
qubits qubits
Figure 1. Quantum state of 2N qubits generated by ap-
plying unitaries UA(B) to γN Bell pairs. Measuring p frac-
tion of qubits (A2) do not reduce the entanglement between
A=A1A2 and B as long as 1− 2p>γ in the limit N→∞.
sive number, cannot decrease the entanglement entropy
significantly. To illustrate this point and quantify the
condition under which the entanglement is robustly pro-
tected against local measurements, we apply the quan-
tum decoupling theorem to a specially constructed toy
model [18, 19]. We find that the mechanism of the pro-
tection is equivalent to that of the QEC scheme [18–20].
Motivated by this understanding, we introduce a new
model and analyze its dynamics both analytically and
numerically to obtain the phase diagram [Fig. 2(e)]. Fur-
thermore, we establish that the stability of the volume-
law phase is directly related to a volume scaling quantum
channel capacity of quantum dynamics. Our results elu-
cidate the microscopic dynamics of entanglement in the
unitary evolution interspersed by measurements.
Protection against measurement.— We now illustrate
how entanglement can be protected against measure-
ments using a well-studied toy example from quantum
information theory [19, 21–23]. Consider a system of
2N qubits (N 1) as shown in Fig. 1. Initially, the
two halves of the system, A and B, share γN Bell pairs
(0<γ < 1), which control the amount of the entangle-
ment between the two. The two subsystems are evolved
independently with unitaries UA and UB , respectively.
We assume UA is a random unitary drawn from the Haar
distribution (or any unitary 2-design), and UB can be
arbitrary. Following this evolution, a fraction p of the
qubits in A are measured. The pertinent question to
our discussion is by how much these measurements re-
duce the entanglement between A and B. We shall show
that under a certain condition the change of entangle-
ment entropy due to the measurements vanishes in the
thermodynamic limit even though an extensive number
of qubits are being disentangled.
We first simplify the problem. Since UB does not af-
fect the entanglement, we may replace B with its mini-
mal effective degrees of freedom B˜ entangled with A, i.e.,
the original γN entangled qubits. Also, we divide A into
two parts: subsystem A1 refers to the unmeasured qubits
and subsystem A2 contains the measured ones. We now
apply the decoupling theorem [19, 21–23] to this setup,
which will imply that, for a sufficiently small measure-
ment fraction p, the reduced density matrix of A2 and B˜
approximately factorizes
EUA
[||ρA2B˜(UA)− ρmaxA2 ⊗ ρB˜ ||1] ≤ 2−(1−2p−γ)N/2. (1)
Here, the left-hand side denotes the distance, in the L1
norm, between the exact density matrix ρA2B˜ and a fac-
torized one, where ρmaxA2 is the maximally mixed state on
the measured part A2. EU [·] represents averaging over
the random unitaries.
The inequality implies that the measured qubits are
effectively decoupled from B˜ for N 1, provided that
the number of unmeasured qubits in A is more than half
of the total system AB˜:
1− p > γ + p. (2)
In such cases, any observable in A2 contains no infor-
mation about B˜ and vice versa, hence measuring one
subsystem does not affect the other up to an error expo-
nentially small in N . In particular, any projection (due
to measurements) acting on A2 does not alter ρB˜ , and
the entanglement entropy of subsystem B is unchanged.
In fact, one can show that even the initial γN Bell pairs
can be reconstructed by performing only local operations
in A1 with an exponentially good precision [20].
While we considered an ideal situation here—where the
Bell pairs are hidden over the entire Hilbert space via a
nonlocal unitary—we emphasize that such information
scrambling is a generic property of quantum dynamics
even in local systems [8–11, 24]. In such cases, we expect
that the amount of entanglement reduction is governed
by the competition between the rate of effective informa-
tion scrambling and that of projective measurements.
Model and phase diagram.— Having understood the
mechanism to protect the entanglement against measure-
ments through scrambling, we turn to study a local 1D
model in which the rates of effective information scram-
bling and measurements can be tuned independently.
Analyzing this model will result in an interpretation of
the entanglement transition as a competition between
QEC (by scrambling unitary dynamics) and the loss of
information (by measurements).
Our model consists of a chain of L blocks, each con-
taining a fixed number, m 1, of qubits, as illustrated
in Fig. 2(a). In each time step t, the system is evolved by
a network of random unitary Ud(i, t) acting on pairs of
neighboring blocks at i and i+ 1, supplemented by pro-
jective measurements. Crucially, the unitary Ud(i, t) are
not Haar-random. Instead, they are constructed from
an internal network consisting of d layers of indepen-
dent random 2-qubit gates (drawn from any unitary 2-
design). Thus, the parameter d controls the degree of
information scrambling within a single Ud(i, t), and, in
the limit d/m→∞, the distribution of Ud(i, t) can ap-
proach a unitary 2-design over U(22m) [24]. After ap-
plications of the Ud(i, t) on pairs of blocks, a fraction p
3(a)
0
0.2
0.4
0.6
(b)
0 10 20 30
-1
-0.5
0
(c)
0 0.25 0.5 0.75 1
0
0.25
0.5
0.75
1
Disentangling Regime
QEC Regime
(d)
0.25 0.5 1 2 4
0
0.2
0.4
0.6
0.8
1(e)
Volume-law
Area-law
10 -3
10 -2
10 -1
100
Figure 2. (a) A model with tunable degrees of information scrambling d and measurements p. An array of m-qubit blocks
undergoes layers of unitary gates (light blue) and random projective measurements (red). Each unitary acting on neighboring
clusters comprises independently random 2-qubit gates (orange). Each measurement projects a randomly chosen p fraction
of qubits in each block. (b-e) Numerical results for m= 11 averaged over 240 different realizations of random circuits and
measurements. (b,c) Entanglement dynamics with p= 0.4 for two different system sizes L= 32 (blue) and 48 (light green). (b)
The growth of entanglement density as a function of time t. (c) Change in the entanglement entropy before and after projective
measurements at each time step. Red dotted lines indicate the regime in which our decoupling inequality is applicable, based
on the identification γ=S/(Lm/2). (d) Steady state entanglement entropy per qubit as a function of p for d= 3 and 44. (e)
Phase diagram. The color-coded background displays the half-chain entanglement entropies in steady states, normalized by
the number of qubits Lm/2 = 176. Black markers indicate the phase transition points extracted from finite size scaling.
of the qubits in each block are randomly chosen to be
measured in the computational basis [25]. The measure-
ment process leads to the collapse of the wavefunction,
after which the measured qubits are in a product state,
completely disentangled from the rest of the system. We
note that the special case of our model, d= 1, is closely re-
lated to the previously studied ones [15–17], and that the
na¨ıve competition between entanglement generation and
disentanglement still predicts the absence of the volume-
law phase even when d→∞ in the thermodynamic limit
L→∞.
In our model, the depth d and the fraction p inde-
pendently control the degree of information scrambling
and the measurement rate, respectively. Therefore, this
model allows us to systematically study the role of infor-
mation scrambling in the entanglement phase transition.
We expect a phase diagram parametrized by d and p, in
which the volume-law phase is extended to a larger mea-
surement fraction as d increases. While a quantitative
phase diagram can be obtained from numerical simula-
tions [Fig. 2(e)], one can already predict the stability of
volume-law phase in the limit dm 1 based on the
decoupling inequality applied at the microscopic level.
More specifically, we consider unitary evolution Ud(i, t)
for a single pair of qubit blocks. Identifying the pair of
blocks as A and the rest of the system as B, one can use
the inequality Eq. (1) similarly to our previous analysis.
Then, as long as the average entropy per qubit γ satis-
fies the criteria in Eq. (2), the measured qubits contain
almost no (exponentially small in m) information about
the rest of the system. Here, the entanglement reduc-
tion is suppressed by information scrambling within the
blocks. Over multiple time steps, quantum information
becomes scrambled over a larger region, further protect-
ing the entanglement from measurements. In this regime,
we expect a stable volume-law phase, where each qubit
on average contributes to the global entanglement by γ
in the range:
1− 2p ≤ γ ≤ 1− p. (3)
The second inequality is limited by the explicit disentan-
glement of qubits after each measurement step.
We can also make a definitive statement about the
other extreme of small d and high measurement rate.
For example, consider d= 1, m 1 and p= 1− 1/m. In
this case there is no room for scrambling, thus the prob-
ability that a single qubit becomes entangled to other
qubits at distance x away (in units of qubit blocks) is ex-
ponentially suppressed as ∼ (1/m)mx because the infor-
mation encoded in the qubit needs to propagate without
being projected at least ∼mx time steps. This implies
the area-law entanglement [14]. Therefore, we expect a
phase transition between the two extreme cases.
In order to verify our theoretical understanding, we
numerically simulate the unitary time evolution of our
model starting from an initial state |Ψ0〉= |0〉⊗mL and
compute the half-chain entanglement entropy S(t). In
our simulations, each Ud(i, t) is made out of a random
2-qubit Clifford gates drawn from a uniform distribution
rather than the Haar random unitaries. Such Ud(i, t) still
approaches a unitary 2-design as d increases [26], hence
this simplification does not affect our predictions while
allowing for the simulation of substantially larger sys-
tem sizes [27–30]. Furthermore, the wavefunction evolved
under Clifford gates always exhibits a flat entanglement
spectrum with respect to any bipartition. Thus, differ-
4ent measures of entanglement entropy, e.g. von Neumann
versus Re´nyi entropies, yield the same value. In the fol-
lowing, we focus on m= 11.
We first consider dm, where the unitary net-
work within a single block effectively acts as a random
22m× 22m unitary. We test if the scrambling property
of a single block leads to robustness of the entire cir-
cuit. Fig. 2(b,c) show the detailed dynamics of the en-
tanglement entropy with the parameter (p, d) = (0.4, 44)
for two system sizes. Clearly, the entropy rescaled by
the subsystem size exhibits a strict linear growth un-
til it saturates to a constant value. The convergence of
this value for different system sizes confirms the volume-
law scaling of the entropy in this regime [26]. Moreover,
we can directly measure how the entanglement entropy
changes following the projective measurements in each
time step ∆Smeas(t). The results in Fig. 2(c) show that
this change is vanishingly small as long as the entropy
does not exceed a certain threshold. In particular, this
confirms our prediction that projective measurements do
not decrease the entanglement entropy as long as the
criterion in Eq. (2) is satisfied [31]. Interestingly, the
regime of vanishingly small ∆Smeas extends even beyond
the criterion in Eq. (2), implying that the inequality in
our analysis may not be tight for this particular purpose.
Fig. 2(d) shows that the steady-state entanglement den-
sity, S/(Lm/2), lies within the range defined by Eq. (3)
for a large d= 44. This is not the case when Ud(i, t) is
not sufficiently scrambling, e.g. d= 3.
We now turn to the phase transition that occurs when
d is decreased or p is increased. From numerical simula-
tions, we extract the half-chain entanglement per qubit
in the steady state for various system sizes L and mea-
surement rates p for a fixed d [26]. In order to sys-
tematically extract the critical point, we perform a fi-
nite size scaling analysis based on the scaling ansatz [15]:
S(p) − S(pc) =F
(
(p− pc)L1/ν
)
, where ν is the critical
exponent, pc is the critical measurement fraction, and
F(·) is a universal scaling function. S(pc) is the entropy
at the critical point, which is expected to scale logarith-
mically in L [15]. Repeated over various d, we obtain a
two-dimensional phase diagram shown in Fig. 2(e). The
critical exponent ν has a universal value around 1.1 in-
dependent of d, suggesting the universality of the transi-
tion between two phases [26]. When d= 1 the extracted
critical value pc≈ 0.16 is consistent with previously re-
ported results [16, 32]. More importantly, we find that
the volume-law entangled phase extends to a higher mea-
surement fraction, as d is increased to ∼m, and then
saturates for dm, where the random unitary Ud ap-
proximates unitary 2-design.
Discussions.— The existence of the stable volume-law
phase has a direct interpretation in terms of QEC for
quantum communications [18], where the primary goal is
to devise an encoding scheme to transfer the maximum
amount of quantum information over a noisy or lossy
channel. Given a quantum channel N , the maximum
amount of coherent quantum information that can be
transmitted through N is quantified by quantum chan-
nel capacityQ [19, 33]. In fact, one of the most important
applications of the decoupling theorem in Eq. (1) was to
show that, by using a random unitary encoding, it is pos-
sible to asymptotically transfer 1− 2p logical qubits per
physical qubit over a lossy channel, in which a fraction p
of the physical qubits are lost [19].
The connection between the quantum channel capac-
ity and the volume-law phase can be made more precise
in two different approaches. In the first approach, we
consider the capacity within a pair of neighboring qubit
blocks in our 1D model. Here, the quantum information
we wish to protect is the entanglement between the qubit
blocks and the rest of the system. The random unitary
circuit is equivalent to repeated encoding of the entan-
glement without explicit decoding. Since this encoding
scheme protects ∼ (1− 2p)2m logical qubits in each pair
of m-qubit blocks against the loss of 2pm physical qubits
in every time step, we expect that our system should ex-
hibit a stable volume-law scaling entanglement supported
by those logical qubits. This simple analysis already pro-
vides the lower bound in Eq. (3) and demonstrates how
a finite channel capacity per qubit block gives rise to the
stable volume-law entangling phase [34].
In our second approach, we consider the quantum
channel capacity of the entire system dynamics. More
specifically, we assume that the system is initialized in an
entangled state with an auxiliary reference such that the
reduced density matrix of the system is ρin. Then, we ask
how much entanglement with the reference, i.e. coherent
information, can be recovered at late time. Crucially,
the coherent information in this problem is distributed
between the output quantum state of the system ρout
and classical information associated with measurement
outcomes. For a quantum channel N consisting of uni-
tary evolution interspersed with measurements (in any
positive-operator valued measures), it can be shown [26]
Q = max
ρin
Ic (N , ρin) . (4)
Here, Ic(N , ρin) is the coherent information that mea-
sures the amount of quantum information, initially en-
coded in ρin, that remains in the outputs of N that in-
clude ρout and measurement outcomes. We note that
Eq. (4) is not generically valid, but it holds for a class of
so-called degradable quantum channels that include our
cases [19, 33, 35]. We further show that [26],
Ic(N , ρin) = 〈S(ρout)〉, (5)
where 〈S(ρout)〉 is the von Neumann entropy of ρout,
averaged over measurement outcomes. The connection
between the quantum channel capacity (or the coherent
quantum information) and the entropy of the mixed out-
put state was first suggested in a recent paper by Gullans
5and Huse [36]. Specifically, for a maximally mixed input
state, the entanglement phase transition was found to
coincide with a phase transition in the entropy of the
mixed output state by using numerical simulations of
Clifford circuits; in the volume-law phase, 〈S(ρout)〉 re-
mains extensive at late time, while in the area-law phase,
it rapidly approaches to zero. This transition was dubbed
the purification phase transition in Ref. [36]. The equiv-
alence between the purification and entanglement phase
transitions has later been established analytically for lo-
cal Haar random unitary circuits with measurements [37].
Therefore, Eqs. (4) and (5) build a quantitative connec-
tion between the quantum channel capacity and the en-
tanglement phase transition. We note that, in random
circuit models studied in Ref. [15, 16, 36–38], the chan-
nel N itself is random, whose average Ic is maximized
for the maximally mixed input, furthering the connec-
tion [26].
In this Letter, we showed that volume-law entangled
states can be protected against extensive number of mea-
surements via an effective QEC mechanism, and estab-
lished a quantitative connection to quantum channel ca-
pacities. It would be interesting to study general rela-
tions between quantum chaos and the stability of the
volume-law phase against measurements.
Note.— After we conjectured the relation between
the quantum channel capacity and entanglement phase
transition in the earlier preprint version of this paper,
Ref. [36] provided the first quantitative evidence, prov-
ing that the single-shot quantum channel capacity is up-
per bounded by the average entropy of the output and
showed that the stabilizer circuit saturates the bound.
In this new version, we further prove a generic equality
between output entropy and quantum channel capacity
by considering the classical information in measurement
outcomes as part of the channel.
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S1. RANDOM CLIFFORD CIRCUITS AS UNITARY 2-DESIGN
One of the main results of our work relies on the decoupling inequality, which requires that the set of random
unitaries to be averaged over forms a unitary 2-design. While it is well-known that the n-qubit Clifford group forms
a unitary 2-design [1], it is yet to be verified that an ensemble of random quantum circuits of depth d made out of
2-qubit Clifford gates also approximates a unitary 2-design for n qubits. In this section, we numerically compute the
frame potential for such unitary circuits, which quantifies the extent to which it approximates unitary designs. Our
results confirm that the ensemble of depth d circuits of local 2-qubit Clifford gates indeed approximates a unitary
2-design when d is large. In what follows, we first review the frame potential, introduce our algorithm to compute it,
and then present numerical results.
A. Frame potential
The k-th frame potential of a unitary ensemble ν is defined by
F (k)ν =
1
|ν|2
∑
U,V ∈ν
| tr (U†V ) |2k, (S1)
where |ν| denotes the order of the ensemble. One of the nice properties of the k-th frame potential F (k)ν is that
this quantity is minimized when the unitary ensemble is drawn from the Haar measure (in which the summation in
Eq. (S1) is replaced by integration):
F (k)ν ≥ F (k)µhaar = k!. (S2)
Furthermore, it is well known that the k-th frame potential saturates this lower bound if and only if the unitary
ensemble ν forms a unitary k-design [2]. Therefore, by explicitly computing the second frame potential F
(2)
ν , we can
verify if the ensemble of Clifford circuits forms an approximate 2-design.
∗ SC and YB contributed equally to this work.
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FIG. S1. (a) Left: the layout of the random Clifford circuit U considered in this work. For a pair of circuits U and V drawn
from an ensemble νd of depth d circuits, U
†V is, equivalently, a unitary drawn from ν2d−1 of depth 2d− 1. (b) An illustration
of matrix T . The first and the second n rows of T represent operators X˜1X1, · · · , X˜nXn and Z˜1Z1, · · · , Z˜nZn, respectively.
Each operator is specified by using a length 2n+ 2 binary vector, based on the Eq. (S5).
B. Numerical algorithm
While it is well known that the unitary evolution of a quantum state under Clifford gates can be efficiently simulated
using classical computers [3–6], this does not imply that one can explicitly evaluate the matrix that implements the
unitary time evolution. Computing the exact frame potential for an ensemble of Clifford circuits is a formidable task
mainly due to two reasons. First, in a na¨ıve approach, taking the trace of a Clifford unitary requires simulating the
evolution of exponentially many different initial states owing to the large Hilbert space. Second, the summation over
every element, U, V , from the ensemble of random Clifford circuit is computationally expensive due to the large size of
the ensemble. While the second difficulty can be resolved by performing Monte Carlo sampling of the group elements,
the first challenge is non-trivial.
In this section, we provide an efficient algorithm to compute the trace of a Clifford circuit. In comparison to the
na¨ıve approach of simulating the evolution of exponentially many different initial states, our approach takes only a
polynomial time as a function of system size n.
Recall that the k-th frame potential for an ensemble of Clifford circuits of depth d is of the form
F (k)νd =
1
|νd|2
∑
U,V ∈νd
| tr(U†V )|2k. (S3)
Here, we focus on the layout of the circuit shown in Fig. S1a, while our technique introduced here is more broadly
applicable. Since both U and V consist of d layers of random Clifford gates, we note that U†V can be also regarded
as a circuit of depth 2d− 1 without loss of generality. Therefore, we can rewrite the frame potential as
F (k)νd =
1
|ν2d−1|
∑
U∈ν2d−1
| trU |2k = 1|ν2d−1|
∑
U∈ν2d−1
| trU trU†|k = 1|ν2d−1|
∑
U∈ν2d−1
|QU |k, (S4)
where QU ≡ trU trU†. Thus, our problem reduces to computing QU exactly for a given unitary U , and then
performing a Monte-Carlo sampling of U over different realizations of the depth 2d − 1 random Clifford circuits.
Below, we focus on the computation of QU assuming U is given as a Clifford circuit.
Our key idea is to further simplify the expression QU using Pauli operators. In particular, we are interested in
evaluating QU without having to explicitly construct the unitary matrix U . This is in fact possible, because, by the
definition of the Clifford group, the unitary U can be fully characterized by specifying how generators of n-qubit Pauli
group P transform under the conjugation by U [7]. To this end, it is important to introduce an efficient notation
to denote a Pauli element. Here and below, we adapt and extend the notation for Pauli operators in the existing
literature [7] and denote an element in the n-qubit Pauli group by a binary string v = v1v2 · · · v2n+2 of length 2n+ 2:
Pv = (−1)v2n+1iv2n+2
n∏
j=1
Kj(vj , vj+n), (S5)
where Kj(1, 0) = Xj , Kj(0, 1) = Zj , or Kj(1, 1) = Yj represents one of the Pauli operators for a qubit at site j,
following the convention in [7]. In other words, the first 2n bits in a string v specify the n-qubit Pauli string, and the
last two digits control the overall coefficient. We will find that the global prefactor (−1)v2n+1iv2n+2 is often not very
S3
important other than that it gives rise to exactly four elements in P per a single Pauli string (with different prefactors).
Hence, for notational brevity, we denote the first 2n bits of v as v¯ = v1v2 . . . v2n. In this way, the product of two
Pauli strings can be concisely represented as a simple XOR operation on corresponding binary strings: if Pv ≡ PuPw,
then v¯ = u¯+ w¯, where the “+” operator should be interpreted as element-wise XOR operations. This establishes the
one-to-one correspondence between a binary string of length 2n and every group element in P up to a prefactor. In
particular, the group multiplication in P corresponds to a linear operation in the binary string. Furthermore, the set
of binary strings forms a vector space with respect to XOR operations. We note that the prefactor of v can be also
computed from u and w.
In order to compute QU , we first re-express it using the fact that the Pauli group P forms a unitary 1-design. More
specifically, for any n-qubit operator O, we have, tr(O) · 1 = 14D
∑
P∈P POP
†. Then, it follows:
QU = trU
† trU = tr(U†1 · tr(U)) = 1
D
∑
P∈P+
tr(U†PUP †) =
1
D
∑
P∈P+
tr(P˜P †), (S6)
where D = 2n is the Hilbert space dimension, P˜ ≡ U†PU , and the summation is over the operators in the set
P+ = {1, X, Y, Z}⊗n, ignoring the irrelevant complex prefactor (which cancels the factor 1/4). We note that P˜P † is
also a Pauli operator and its trace is non-vanishing if and only if P˜P † ∝ 1. Therefore, in order to evaluate QU , we
only need to count how many P ∈ P+ gives rise to a non-vanishing contribution. We denote the set of such Pauli
operators as KU .
Our key observation is that KU is closed under multiplications to form a subgroup of P, and its binary representation
form a linear vector space over binary field. Therefore, counting the number of element inKU can be efficiently achieved
by computing the dimension of the vector space KU . Here and below, we use the same notation KU to refer to both the
vector space and the subgroup of Pauli group whenever there is no ambiguity. Below, we will discuss some important
properties of KU . In particular, we will demonstrate that the computation of QU always falls into one of three cases:
• KU contains only the identity operator. Namely, the Pauli operator P satisfies P˜P † ∝ 1 only when P = 1.
QU = 1;
• KU of dimension N is generated by N Pauli operators P with P˜P † = 1. KU contains 2N Pauli operators,
QU = 2
N ;
• There exists at least one generator P of KU satisfying P˜P † = −1. Then, there are equal numbers of Pauli
operators P with P˜P † = 1 and P with P˜P † = −1, i.e., the operators satisfying P˜P † = 1 and −1 come in pairs.
QU = 0.
To see this, we notice that, for any Pv ∈ P, tr(P˜vP †v ) is always real since
tr(P˜vP
†
v )
∗ = tr(U†PvUP †v )
∗ = tr(PvU†P †vU) = (−1)2v2n+2 tr(P †vU†PvU) = tr(P˜vP †v ). (S7)
This implies tr(P˜vP
†
v ) 6= 0 if and only if P˜vP †v = ±1. We use K±U to denote the set of operators Pv satisfying
P˜vP
†
v = ±1, respectively. K+U forms a normal subgroup of KU . If K−U is trivial, i.e., contains no element, K+U is
exactly KU . When K−U is non-trivial, we require at least one generator P of KU satisfies P˜P † = −1. In this case, K+U
becomes the maximal normal subgroup of KU , and the quotient group KU/K+U = Z/2Z. Therefore, K±U contain the
same number of elements, and, as a result, QU = 0.
Due to this correspondence between P satisfying the property P˜P † ∝ 1, and the linear space KU , counting the
number of such operators can be efficiently accomplished by finding out a set of mutually commuting generators of
the group, or, equivalently, the basis of the linear space KU in the binary representation. Namely, the number of
elements in KU is given by 2mK , where mK is the dimension of KU . In the second case where all operators P in KU
satisfy P˜P † = 1, QU = 2mK .
Now, the calculation of QU reduces to figuring out mK and the existence or the absence of any generator P satisfying
P˜P † = −1. In order to find out mK, we introduce a matrix T of size 2n by 2n+ 2. The first and the second n rows of
T represent the Pauli operators X˜iXi and Z˜iZi, respectively (see Fig. S1b). We denote the first 2n columns of T by
T¯ . Since the identity operator 1 ∈ P corresponds to the zero in the binary representation, one can easily check that
the linear space KU can be determined from the kernel of T¯ (over the binary field). Furthermore, one can determine
the sign of P˜αPα for every basis vector in KU by explicitly performing the effective “Gaussian elimination” (or row
operations) that properly accounts for the changes in the prefactors of Pauli operators. Motivated from Ref. [7], we
define a modified rowsum() function. The rowsum() function takes two rows of T (corresponding to operators P˜uP
†
u
and P˜vP
†
v ) as input and returns a binary representation for the operator P˜vP˜uP
†
uP
†
v :
rowsum(P˜uP
†
u, P˜vP
†
v ) = P˜vP˜uP
†
uP
†
v = (−1)−t¯Λnv¯P˜vPvPt, (S8)
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FIG. S2. Numerical computation of the first, second, third, and fourth frame potentials (from (a) to (d)) as a function of circuit
depth 2 ≤ d ≤ 44 for system size n = 22 qubits. The frame potentials are estimated from 50000 randomly generated Clifford
circuits. The depths of circuit d is taken from 2 to 44 (blue markers). Orange dashed lines represent the corresponding values
for the Haar random unitary ensemble.
where Pt = P˜uP
†
u, and Λn = [0,1n;−1n, 0] is the symplectic form. By checking the value in the (2n+ 1)-th column,
we can determine the sign for generators P˜vPv of the kernel KU . In this way, we can compute QU for each realization
of the circuit and further obtain the frame potential.
C. Numerical results
The results of our numerical calculations are summarized in Fig. S2, which shows that, the first, second, and third
frame potentials for the random Clifford circuit ensemble approach to corresponding values for a unitary 1, 2 and
3-design when the depth of circuit d is sufficiently large, ∼ O(n), as predicted in [8]. In contrast, the fourth frame
potential significantly deviates from the value for a unitary 4-design, which is expected since it has been proved that
even the n-qubit Clifford group does not form a unitary 4-design [9].
In the model proposed in the main text, each cluster consists of m = 11 qubits, hence a nearest neighboring cluster
pair have total n = 2m = 22 qubits. Our numerical results in Fig. S2b indicate that random Clifford circuits of depth
d = 44 are sufficient to approximate a unitary 2-design in such a case.
S2. DETAILED NUMERICAL SIMULATION RESULTS FOR THE ENTANGLEMENT GROWTH
Figure S3 provides detailed information on the entanglement growth and saturation in vaious parameter regimes.
We focus on two different values of the local circuit depth, d = 3 or 44, and simulate the quantum dynamics for various
values of the measurement fraction p 1. When d = 3, each local circuit fails to approximate a unitary 2-design, and
quantum information cannot be fully scrambled even within the local Hilbert space of a m-qubit box. In this regime,
the growth of entanglement entropy can be significantly affected by random projective measurement. Indeed, we find
that the projective measurements reduce the half-chain entanglement starting from the early time evolution at t = 0.
Also, the steady state entanglement entropy per qubit stays outside the triangle defined by 1− 2p and 1− p as shown
in Fig. 2d in the main text.
In contrast, when d = 44, each Clifford unitary U approximates a unitary 2-design for 2m = 22 qubits as demon-
strated in the previous section. One can apply the decoupling inequality as discussed in the main text, leading to two
nontrivial predictions. First, the saturation of entanglement entropy per qubit should lie between 1 − 2p and 1 − p.
Second, during early time evolution, the entanglement entropy should not be significantly decreased by projective
measurements as long as γ < 1 − 2p, where γ is the entanglement entropy per qubit. This regime, referred to as
QEC regime below, is indicated by using a vertical line with the identification γ = S/(Lm/2). Strictly speaking, this
identification is not exact, since the relevant γ for decoupling theorem is obtained from the entanglement entropy
between a neighboring qubit blocks and the rest of the system, rather than from the half-chain entanglement S. Still,
we expect the qualitatively similar behavior. Our expectation is explicitly verified in Fig. S3e and Fig. S3f, where
∆Smeas ≈ 0 within errorbars. We also notice that the entanglement reduction remains small even beyond the QEC
regime. When p > 0.5, the inequality γ < 1− 2p cannot be satisfied by any finite positive γ, in which case projective
measurements may reduce the entropy during the early time evolution starting from t = 0. While our argument based
on the decoupling inequality for the stability of the volume-law phase cannot be applied in this regime, our numerical
simulations suggest that the volume-law phase may still persist at least up to p . 0.89 with a sufficiently large d.
1 We measure pm number of qubits within each block after applying a layer of unitary gates to pairs of qubit blocks. For a noninteger
pm, the number of measured qubits is determined from a binomial distribution between bpmc and dpme with the mean value being pm.
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FIG. S3. Half-chain entanglement dynamics in various parameter regimes. Simulations are performed for systems with L = 32,
m = 11. Upper panels in (a-h): the growth of entanglement entropy per qubit as a function of time t. Black dashed lines
indicate 1 − 2p, which correspond to the maximum γ for which the decoupling inequality can be applied. Black dash-dotted
lines indicate 1−p, which correspond to the maximum possible entanglement entropy per qubit after projective measurements.
Lower panels in (a-h): the change of entanglement entropy before and after random projective measurements in each time step.
The errorbars represent the variance of entanglement reduction by measurements. (a-d): The depth of the local Clifford circuit
d = 3, and the measurement fraction is p = 0.1, 0.2, 0.3, 0.4, respectively (from left to right). (e-h): The depth of the local
Clifford circuit d = 44, and p = 0.2, 0.4, 0.6, 0.8, respectively (from left to right). In this regime, the local circuit approximates
a unitary 2-design. The red dotted vertical lines in (e) and (f) indicate when the entanglement entropy per qubit, S/(Lm/2),
exceeds the condition for the decoupling theorem (γ < 1 − 2p). All the results in this figure are averaged over 240 different
realizations of the random unitary circuit.
S3. DETAILED NUMERICAL SIMULATION RESULTS FOR THE PHASE TRANSITION
In this section, we present the full numerical simulation results for the entanglement phase transition, including
both the critical points (dc, pc) and critical exponents. Following the entanglement scaling hypothesis proposed in a
recent work [10], we perform a finite-size scaling analysis with the scaling ansatz:
S(p, L) = α lnL+ F
(
(p− pc)L1/ν
)
, (S9)
where α is a constant, characterizing the logarithmic entropy at the critical point, pc is the critical measurement
fraction, ν is the correlation length critical exponent, and F(x) is a universal function. We expect that the universal
function F (x) takes the following qualitative behaviors:
F (x) ≈
 |x|
ν (x→ −∞)
const. (x = 0)
−αν lnx (x→∞).
(S10)
Thus, in the thermodynamic limit L → ∞, when p > pc, S(p, L) converges to a constant with no dependence on
L, indicating the area-law phase. In the case p < pc, S(p, L) scales linearly in L with a log correction. In practice,
we substract the entropy at the critical point, α lnL, (with numerically optimized pc) from both sides of Eq. (S9),
converting it into a conventional finite size scaling form [10], i.e.,
S(p, L)− S(pc, L) = F
(
(p− pc)L1/ν
)
. (S11)
S6
4 8 16 32 64
10-4
10-2
100(a)
0.12 0.15 0.18
0
0.1
0.2
(d)
-0.5 0 0.5
0
10
4 8 16 32 64
10-4
10-2
100(b)
0.65 0.7 0.75
0
0.04
0.08
(e)
-0.5 0 0.5
0
5
4 8 16 32 64
10-4
10-2
100(c)
0.85 0.88 0.91
0
0.03
0.06
(f)
-0.5 0 0.5
0
5
0 10 20 30
0.8
1.1
1.4
1.7
(g)
FIG. S4. Finite size scaling analysis and critical exponents. (a-c) The entanglement density S/(Lm/2) as a function of system
size L for different depths of local circuits, d = 1, 7, 31, respectively (from left to right). Different curves correspond to our
numerical results with different measurement fractions. System size L ranges from 4 to 64. (d-f) The entanglement density as
a function of measurement fraction for d = 1, 7, 31, respectively (from left to right). Different curves correspond to results from
different system sizes L = 12, 16, 24, 32, 48, 64. Data collapses are presented in the insets using the scaling hypothesis Eq. S9.
(g) Numerically extracted critical exponents ν for different values of d. We estimate the errorbars for ν by the minimized cost
function Q for different choices of pc.
d 1 3 5 7 11 15 23 31
ν 1.13 1.22 1.08 1.14 0.99 1.08 1.13 1.18
pc 0.16 0.41 0.59 0.71 0.83 0.86 0.88 0.89
TABLE SI. Critical exponents ν and critical points pc for random Clifford circuits with different depths d of local circuit. We
use the scaling hypothesis that considers a log correction to the volume law phase. The number of qubits in a cluster m = 11.
The error bars for ν are given in Fig. S4g.
More specifically, we numerically optimize the parameter pc and ν by minimizing the cost function
Q =
1
N
∑
i,j
(yij − Yij)2
dy2ij + dY
2
ij
, (S12)
where Yij , dYij are the values given by the scaled function and its standard error at xij , and yij , dyij are the data
points at xij . The index j labels different system sizes and i labels different measurement fractions. The detailed
algorithm can be found in [11, 12]. Our finite size scaling analysis and numerically extracted parameters, ν and pc,
are summarized in Tab. SI and Fig. S4. Our results suggest that the critical exponent ν takes a universal value ∼ 1.1,
independent of d.
S4. QUANTUM CHANNEL CAPACITY AND ENTANGLEMENT PHASE TRANSITION
In this section, we establish a connection between the quantum channel capacity and the entanglement phase
transition. More specifically, we consider a generic unitary evolution interspersed by projective measurements as a
quantum channel jointly acting on the system and measurement devices, and show that the quantum channel capacity
Q of such a channel can be related to the entropy of the system conditioned on measurement outcomes 〈S〉 when the
system is initialized in a certain optimized state. We note that the former, Q, characterizes the maximum amount
of quantum information that can be transmitted through a quantum channel, while the latter, 〈S〉 is proposed as an
alternative signature to identify the entanglement phase transition [13]. In what follows, we first introduce our setup
and notations that would allow us to quantitatively study the quantum channel capacity. Then, we derive the relation
between Q and 〈S〉.
The quantum channel capacity is given by the coherent information about the input state that remains in the output
state, optimized over all possible input encoding state ρin. In our case, we are interested in the coherent information
S7
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qubits qubits
|0i|M |
<latexit sha1_ base64="YkwAqRCN+aXJTVGOGWl sZIN5Eyw=">AAACCnicbVDLSsNA FJ34rPUVdelmtAhdlUQEXUnBjRu hgn1AG8tkOmmHTiZh5kYoaddu/B U3LhRx6xe482+cNllo64ELZ865l 7n3+LHgGhzn21paXlldWy9sFDe3 tnd27b39ho4SRVmdRiJSLZ9oJrh kdeAgWCtWjIS+YE1/eDX1mw9MaR 7JOxjFzAtJX/KAUwJG6tpHHcECG DsdxfsDuLxPsze+wZkynnTtklNx ZsCLxM1JCeWode2vTi+iScgkUEG 0brtODF5KFHAq2KTYSTSLCR2SPm sbKknItJfOTpngE6P0cBApUxLwT P09kZJQ61Hom86QwEDPe1PxP6+d QHDhpVzGCTBJs4+CRGCI8DQX3O OKURAjQwhV3OyK6YAoQsGkVzQhu PMnL5LGacV1Ku7tWalazuMooEN0 jMrIReeoiq5RDdURRY/oGb2iN+v JerHerY+sdcnKZw7QH1ifP21dmq I=</latexit><latexit sha1_ base64="YkwAqRCN+aXJTVGOGWl sZIN5Eyw=">AAACCnicbVDLSsNA FJ34rPUVdelmtAhdlUQEXUnBjRu hgn1AG8tkOmmHTiZh5kYoaddu/B U3LhRx6xe482+cNllo64ELZ865l 7n3+LHgGhzn21paXlldWy9sFDe3 tnd27b39ho4SRVmdRiJSLZ9oJrh kdeAgWCtWjIS+YE1/eDX1mw9MaR 7JOxjFzAtJX/KAUwJG6tpHHcECG DsdxfsDuLxPsze+wZkynnTtklNx ZsCLxM1JCeWode2vTi+iScgkUEG 0brtODF5KFHAq2KTYSTSLCR2SPm sbKknItJfOTpngE6P0cBApUxLwT P09kZJQ61Hom86QwEDPe1PxP6+d QHDhpVzGCTBJs4+CRGCI8DQX3O OKURAjQwhV3OyK6YAoQsGkVzQhu PMnL5LGacV1Ku7tWalazuMooEN0 jMrIReeoiq5RDdURRY/oGb2iN+v JerHerY+sdcnKZw7QH1ifP21dmq I=</latexit><latexit sha1_ base64="YkwAqRCN+aXJTVGOGWl sZIN5Eyw=">AAACCnicbVDLSsNA FJ34rPUVdelmtAhdlUQEXUnBjRu hgn1AG8tkOmmHTiZh5kYoaddu/B U3LhRx6xe482+cNllo64ELZ865l 7n3+LHgGhzn21paXlldWy9sFDe3 tnd27b39ho4SRVmdRiJSLZ9oJrh kdeAgWCtWjIS+YE1/eDX1mw9MaR 7JOxjFzAtJX/KAUwJG6tpHHcECG DsdxfsDuLxPsze+wZkynnTtklNx ZsCLxM1JCeWode2vTi+iScgkUEG 0brtODF5KFHAq2KTYSTSLCR2SPm sbKknItJfOTpngE6P0cBApUxLwT P09kZJQ61Hom86QwEDPe1PxP6+d QHDhpVzGCTBJs4+CRGCI8DQX3O OKURAjQwhV3OyK6YAoQsGkVzQhu PMnL5LGacV1Ku7tWalazuMooEN0 jMrIReeoiq5RDdURRY/oGb2iN+v JerHerY+sdcnKZw7QH1ifP21dmq I=</latexit><latexit sha1_ base64="YkwAqRCN+aXJTVGOGWl sZIN5Eyw=">AAACCnicbVDLSsNA FJ34rPUVdelmtAhdlUQEXUnBjRu hgn1AG8tkOmmHTiZh5kYoaddu/B U3LhRx6xe482+cNllo64ELZ865l 7n3+LHgGhzn21paXlldWy9sFDe3 tnd27b39ho4SRVmdRiJSLZ9oJrh kdeAgWCtWjIS+YE1/eDX1mw9MaR 7JOxjFzAtJX/KAUwJG6tpHHcECG DsdxfsDuLxPsze+wZkynnTtklNx ZsCLxM1JCeWode2vTi+iScgkUEG 0brtODF5KFHAq2KTYSTSLCR2SPm sbKknItJfOTpngE6P0cBApUxLwT P09kZJQ61Hom86QwEDPe1PxP6+d QHDhpVzGCTBJs4+CRGCI8DQX3O OKURAjQwhV3OyK6YAoQsGkVzQhu PMnL5LGacV1Ku7tWalazuMooEN0 jMrIReeoiq5RDdURRY/oGb2iN+v JerHerY+sdcnKZw7QH1ifP21dmq I=</latexit>
|0i|M |
<latexit sha1_base64="YkwAq RCN+aXJTVGOGWlsZIN5Eyw=">AAACCnicbVDLSsNAFJ34rPUVdelmt AhdlUQEXUnBjRuhgn1AG8tkOmmHTiZh5kYoaddu/BU3LhRx6xe482+ cNllo64ELZ865l7n3+LHgGhzn21paXlldWy9sFDe3tnd27b39ho4SR VmdRiJSLZ9oJrhkdeAgWCtWjIS+YE1/eDX1mw9MaR7JOxjFzAtJX/K AUwJG6tpHHcECGDsdxfsDuLxPsze+wZkynnTtklNxZsCLxM1JCeWod e2vTi+iScgkUEG0brtODF5KFHAq2KTYSTSLCR2SPmsbKknItJfOTpn gE6P0cBApUxLwTP09kZJQ61Hom86QwEDPe1PxP6+dQHDhpVzGCTBJs 4+CRGCI8DQX3OOKURAjQwhV3OyK6YAoQsGkVzQhuPMnL5LGacV1Ku7 tWalazuMooEN0jMrIReeoiq5RDdURRY/oGb2iN+vJerHerY+sdcnKZ w7QH1ifP21dmqI=</latexit><latexit sha1_base64="YkwAq RCN+aXJTVGOGWlsZIN5Eyw=">AAACCnicbVDLSsNAFJ34rPUVdelmt AhdlUQEXUnBjRuhgn1AG8tkOmmHTiZh5kYoaddu/BU3LhRx6xe482+ cNllo64ELZ865l7n3+LHgGhzn21paXlldWy9sFDe3tnd27b39ho4SR VmdRiJSLZ9oJrhkdeAgWCtWjIS+YE1/eDX1mw9MaR7JOxjFzAtJX/K AUwJG6tpHHcECGDsdxfsDuLxPsze+wZkynnTtklNxZsCLxM1JCeWod e2vTi+iScgkUEG0brtODF5KFHAq2KTYSTSLCR2SPmsbKknItJfOTpn gE6P0cBApUxLwTP09kZJQ61Hom86QwEDPe1PxP6+dQHDhpVzGCTBJs 4+CRGCI8DQX3OOKURAjQwhV3OyK6YAoQsGkVzQhuPMnL5LGacV1Ku7 tWalazuMooEN0jMrIReeoiq5RDdURRY/oGb2iN+vJerHerY+sdcnKZ w7QH1ifP21dmqI=</latexit><latexit sha1_base64="YkwAq RCN+aXJTVGOGWlsZIN5Eyw=">AAACCnicbVDLSsNAFJ34rPUVdelmt AhdlUQEXUnBjRuhgn1AG8tkOmmHTiZh5kYoaddu/BU3LhRx6xe482+ cNllo64ELZ865l7n3+LHgGhzn21paXlldWy9sFDe3tnd27b39ho4SR VmdRiJSLZ9oJrhkdeAgWCtWjIS+YE1/eDX1mw9MaR7JOxjFzAtJX/K AUwJG6tpHHcECGDsdxfsDuLxPsze+wZkynnTtklNxZsCLxM1JCeWod e2vTi+iScgkUEG0brtODF5KFHAq2KTYSTSLCR2SPmsbKknItJfOTpn gE6P0cBApUxLwTP09kZJQ61Hom86QwEDPe1PxP6+dQHDhpVzGCTBJs 4+CRGCI8DQX3OOKURAjQwhV3OyK6YAoQsGkVzQhuPMnL5LGacV1Ku7 tWalazuMooEN0jMrIReeoiq5RDdURRY/oGb2iN+vJerHerY+sdcnKZ w7QH1ifP21dmqI=</latexit><latexit sha1_base64="YkwAq RCN+aXJTVGOGWlsZIN5Eyw=">AAACCnicbVDLSsNAFJ34rPUVdelmt AhdlUQEXUnBjRuhgn1AG8tkOmmHTiZh5kYoaddu/BU3LhRx6xe482+ cNllo64ELZ865l7n3+LHgGhzn21paXlldWy9sFDe3tnd27b39ho4SR VmdRiJSLZ9oJrhkdeAgWCtWjIS+YE1/eDX1mw9MaR7JOxjFzAtJX/K AUwJG6tpHHcECGDsdxfsDuLxPsze+wZkynnTtklNxZsCLxM1JCeWod e2vTi+iScgkUEG0brtODF5KFHAq2KTYSTSLCR2SPmsbKknItJfOTpn gE6P0cBApUxLwTP09kZJQ61Hom86QwEDPe1PxP6+dQHDhpVzGCTBJs 4+CRGCI8DQX3OOKURAjQwhV3OyK6YAoQsGkVzQhuPMnL5LGacV1Ku7 tWalazuMooEN0jMrIReeoiq5RDdURRY/oGb2iN+vJerHerY+sdcnKZ w7QH1ifP21dmqI=</latexit>
|0i|M |
<latexit sha1_base64="YkwAq RCN+aXJTVGOGWlsZIN5Eyw=">AAACCnicbVDLSsNAFJ34rPUVdelmt AhdlUQEXUnBjRuhgn1AG8tkOmmHTiZh5kYoaddu/BU3LhRx6xe482+ cNllo64ELZ865l7n3+LHgGhzn21paXlldWy9sFDe3tnd27b39ho4SR VmdRiJSLZ9oJrhkdeAgWCtWjIS+YE1/eDX1mw9MaR7JOxjFzAtJX/K AUwJG6tpHHcECGDsdxfsDuLxPsze+wZkynnTtklNxZsCLxM1JCeWod e2vTi+iScgkUEG0brtODF5KFHAq2KTYSTSLCR2SPmsbKknItJfOTpn gE6P0cBApUxLwTP09kZJQ61Hom86QwEDPe1PxP6+dQHDhpVzGCTBJs 4+CRGCI8DQX3OOKURAjQwhV3OyK6YAoQsGkVzQhuPMnL5LGacV1Ku7 tWalazuMooEN0jMrIReeoiq5RDdURRY/oGb2iN+vJerHerY+sdcnKZ w7QH1ifP21dmqI=</latexit><latexit sha1_base64="YkwAq RCN+aXJTVGOGWlsZIN5Eyw=">AAACCnicbVDLSsNAFJ34rPUVdelmt AhdlUQEXUnBjRuhgn1AG8tkOmmHTiZh5kYoaddu/BU3LhRx6xe482+ cNllo64ELZ865l7n3+LHgGhzn21paXlldWy9sFDe3tnd27b39ho4SR VmdRiJSLZ9oJrhkdeAgWCtWjIS+YE1/eDX1mw9MaR7JOxjFzAtJX/K AUwJG6tpHHcECGDsdxfsDuLxPsze+wZkynnTtklNxZsCLxM1JCeWod e2vTi+iScgkUEG0brtODF5KFHAq2KTYSTSLCR2SPmsbKknItJfOTpn gE6P0cBApUxLwTP09kZJQ61Hom86QwEDPe1PxP6+dQHDhpVzGCTBJs 4+CRGCI8DQX3OOKURAjQwhV3OyK6YAoQsGkVzQhuPMnL5LGacV1Ku7 tWalazuMooEN0jMrIReeoiq5RDdURRY/oGb2iN+vJerHerY+sdcnKZ w7QH1ifP21dmqI=</latexit><latexit sha1_base64="YkwAq RCN+aXJTVGOGWlsZIN5Eyw=">AAACCnicbVDLSsNAFJ34rPUVdelmt AhdlUQEXUnBjRuhgn1AG8tkOmmHTiZh5kYoaddu/BU3LhRx6xe482+ cNllo64ELZ865l7n3+LHgGhzn21paXlldWy9sFDe3tnd27b39ho4SR VmdRiJSLZ9oJrhkdeAgWCtWjIS+YE1/eDX1mw9MaR7JOxjFzAtJX/K AUwJG6tpHHcECGDsdxfsDuLxPsze+wZkynnTtklNxZsCLxM1JCeWod e2vTi+iScgkUEG0brtODF5KFHAq2KTYSTSLCR2SPmsbKknItJfOTpn gE6P0cBApUxLwTP09kZJQ61Hom86QwEDPe1PxP6+dQHDhpVzGCTBJs 4+CRGCI8DQX3OOKURAjQwhV3OyK6YAoQsGkVzQhuPMnL5LGacV1Ku7 tWalazuMooEN0jMrIReeoiq5RDdURRY/oGb2iN+vJerHerY+sdcnKZ w7QH1ifP21dmqI=</latexit><latexit sha1_base64="YkwAq RCN+aXJTVGOGWlsZIN5Eyw=">AAACCnicbVDLSsNAFJ34rPUVdelmt AhdlUQEXUnBjRuhgn1AG8tkOmmHTiZh5kYoaddu/BU3LhRx6xe482+ cNllo64ELZ865l7n3+LHgGhzn21paXlldWy9sFDe3tnd27b39ho4SR VmdRiJSLZ9oJrhkdeAgWCtWjIS+YE1/eDX1mw9MaR7JOxjFzAtJX/K AUwJG6tpHHcECGDsdxfsDuLxPsze+wZkynnTtklNxZsCLxM1JCeWod e2vTi+iScgkUEG0brtODF5KFHAq2KTYSTSLCR2SPmsbKknItJfOTpn gE6P0cBApUxLwTP09kZJQ61Hom86QwEDPe1PxP6+dQHDhpVzGCTBJs 4+CRGCI8DQX3OOKURAjQwhV3OyK6YAoQsGkVzQhuPMnL5LGacV1Ku7 tWalazuMooEN0jMrIReeoiq5RDdURRY/oGb2iN+vJerHerY+sdcnKZ w7QH1ifP21dmqI=</latexit>
Unitary w/ 
measurements
S
<latexit sha1_ base64="gbvol9KIgM8bOiDyZr0 dp6VDzt4=">AAAB6HicbVBNS8NA EJ3Ur1q/qh69LBahp5KIoMeCF48 t2g9oQ9lsJ+3azSbsboQS+gu8eF DEqz/Jm//GbZuDtj4YeLw3w8y8I BFcG9f9dgobm1vbO8Xd0t7+weFR +fikreNUMWyxWMSqG1CNgktsGW4 EdhOFNAoEdoLJ7dzvPKHSPJYPZp qgH9GR5CFn1FipeT8oV9yauwBZJ 15OKpCjMSh/9YcxSyOUhgmqdc9z E+NnVBnOBM5K/VRjQtmEjrBnqaQ Raj9bHDojF1YZkjBWtqQhC/X3RE YjradRYDsjasZ61ZuL/3m91IQ3f sZlkhqUbLkoTAUxMZl/TYZcITNi agllittbCRtTRZmx2ZRsCN7qy+ ukfVnz3JrXvKrUq3kcRTiDc6iCB 9dQhztoQAsYIDzDK7w5j86L8+58 LFsLTj5zCn/gfP4AplOMvQ==</l atexit><latexit sha1_ base64="gbvol9KIgM8bOiDyZr0 dp6VDzt4=">AAAB6HicbVBNS8NA EJ3Ur1q/qh69LBahp5KIoMeCF48 t2g9oQ9lsJ+3azSbsboQS+gu8eF DEqz/Jm//GbZuDtj4YeLw3w8y8I BFcG9f9dgobm1vbO8Xd0t7+weFR +fikreNUMWyxWMSqG1CNgktsGW4 EdhOFNAoEdoLJ7dzvPKHSPJYPZp qgH9GR5CFn1FipeT8oV9yauwBZJ 15OKpCjMSh/9YcxSyOUhgmqdc9z E+NnVBnOBM5K/VRjQtmEjrBnqaQ Raj9bHDojF1YZkjBWtqQhC/X3RE YjradRYDsjasZ61ZuL/3m91IQ3f sZlkhqUbLkoTAUxMZl/TYZcITNi agllittbCRtTRZmx2ZRsCN7qy+ ukfVnz3JrXvKrUq3kcRTiDc6iCB 9dQhztoQAsYIDzDK7w5j86L8+58 LFsLTj5zCn/gfP4AplOMvQ==</l atexit><latexit sha1_ base64="gbvol9KIgM8bOiDyZr0 dp6VDzt4=">AAAB6HicbVBNS8NA EJ3Ur1q/qh69LBahp5KIoMeCF48 t2g9oQ9lsJ+3azSbsboQS+gu8eF DEqz/Jm//GbZuDtj4YeLw3w8y8I BFcG9f9dgobm1vbO8Xd0t7+weFR +fikreNUMWyxWMSqG1CNgktsGW4 EdhOFNAoEdoLJ7dzvPKHSPJYPZp qgH9GR5CFn1FipeT8oV9yauwBZJ 15OKpCjMSh/9YcxSyOUhgmqdc9z E+NnVBnOBM5K/VRjQtmEjrBnqaQ Raj9bHDojF1YZkjBWtqQhC/X3RE YjradRYDsjasZ61ZuL/3m91IQ3f sZlkhqUbLkoTAUxMZl/TYZcITNi agllittbCRtTRZmx2ZRsCN7qy+ ukfVnz3JrXvKrUq3kcRTiDc6iCB 9dQhztoQAsYIDzDK7w5j86L8+58 LFsLTj5zCn/gfP4AplOMvQ==</l atexit><latexit sha1_ base64="gbvol9KIgM8bOiDyZr0 dp6VDzt4=">AAAB6HicbVBNS8NA EJ3Ur1q/qh69LBahp5KIoMeCF48 t2g9oQ9lsJ+3azSbsboQS+gu8eF DEqz/Jm//GbZuDtj4YeLw3w8y8I BFcG9f9dgobm1vbO8Xd0t7+weFR +fikreNUMWyxWMSqG1CNgktsGW4 EdhOFNAoEdoLJ7dzvPKHSPJYPZp qgH9GR5CFn1FipeT8oV9yauwBZJ 15OKpCjMSh/9YcxSyOUhgmqdc9z E+NnVBnOBM5K/VRjQtmEjrBnqaQ Raj9bHDojF1YZkjBWtqQhC/X3RE YjradRYDsjasZ61ZuL/3m91IQ3f sZlkhqUbLkoTAUxMZl/TYZcITNi agllittbCRtTRZmx2ZRsCN7qy+ ukfVnz3JrXvKrUq3kcRTiDc6iCB 9dQhztoQAsYIDzDK7w5j86L8+58 LFsLTj5zCn/gfP4AplOMvQ==</l atexit>
M
<latexit sha1_ base64="TwqFEFX6OKEJgNpqs8r n23ME3nc=">AAAB6HicbVBNS8NA EJ3Ur1q/qh69LBahp5KIoMeCFy9 CC/YD2lA220m7drMJuxuhhP4CLx 4U8epP8ua/cdvmoK0PBh7vzTAzL 0gE18Z1v53CxubW9k5xt7S3f3B4 VD4+aes4VQxbLBax6gZUo+ASW4Y bgd1EIY0CgZ1gcjv3O0+oNI/lg5 km6Ed0JHnIGTVWat4PyhW35i5A1 omXkwrkaAzKX/1hzNIIpWGCat3z 3MT4GVWGM4GzUj/VmFA2oSPsWSp phNrPFofOyIVVhiSMlS1pyEL9PZ HRSOtpFNjOiJqxXvXm4n9eLzXhj Z9xmaQGJVsuClNBTEzmX5MhV8iM mFpCmeL2VsLGVFFmbDYlG4K3+v I6aV/WPLfmNa8q9WoeRxHO4Byq4 ME11OEOGtACBgjP8ApvzqPz4rw7 H8vWgpPPnMIfOJ8/nTuMtw==</l atexit><latexit sha1_ base64="TwqFEFX6OKEJgNpqs8r n23ME3nc=">AAAB6HicbVBNS8NA EJ3Ur1q/qh69LBahp5KIoMeCFy9 CC/YD2lA220m7drMJuxuhhP4CLx 4U8epP8ua/cdvmoK0PBh7vzTAzL 0gE18Z1v53CxubW9k5xt7S3f3B4 VD4+aes4VQxbLBax6gZUo+ASW4Y bgd1EIY0CgZ1gcjv3O0+oNI/lg5 km6Ed0JHnIGTVWat4PyhW35i5A1 omXkwrkaAzKX/1hzNIIpWGCat3z 3MT4GVWGM4GzUj/VmFA2oSPsWSp phNrPFofOyIVVhiSMlS1pyEL9PZ HRSOtpFNjOiJqxXvXm4n9eLzXhj Z9xmaQGJVsuClNBTEzmX5MhV8iM mFpCmeL2VsLGVFFmbDYlG4K3+v I6aV/WPLfmNa8q9WoeRxHO4Byq4 ME11OEOGtACBgjP8ApvzqPz4rw7 H8vWgpPPnMIfOJ8/nTuMtw==</l atexit><latexit sha1_ base64="TwqFEFX6OKEJgNpqs8r n23ME3nc=">AAAB6HicbVBNS8NA EJ3Ur1q/qh69LBahp5KIoMeCFy9 CC/YD2lA220m7drMJuxuhhP4CLx 4U8epP8ua/cdvmoK0PBh7vzTAzL 0gE18Z1v53CxubW9k5xt7S3f3B4 VD4+aes4VQxbLBax6gZUo+ASW4Y bgd1EIY0CgZ1gcjv3O0+oNI/lg5 km6Ed0JHnIGTVWat4PyhW35i5A1 omXkwrkaAzKX/1hzNIIpWGCat3z 3MT4GVWGM4GzUj/VmFA2oSPsWSp phNrPFofOyIVVhiSMlS1pyEL9PZ HRSOtpFNjOiJqxXvXm4n9eLzXhj Z9xmaQGJVsuClNBTEzmX5MhV8iM mFpCmeL2VsLGVFFmbDYlG4K3+v I6aV/WPLfmNa8q9WoeRxHO4Byq4 ME11OEOGtACBgjP8ApvzqPz4rw7 H8vWgpPPnMIfOJ8/nTuMtw==</l atexit><latexit sha1_ base64="TwqFEFX6OKEJgNpqs8r n23ME3nc=">AAAB6HicbVBNS8NA EJ3Ur1q/qh69LBahp5KIoMeCFy9 CC/YD2lA220m7drMJuxuhhP4CLx 4U8epP8ua/cdvmoK0PBh7vzTAzL 0gE18Z1v53CxubW9k5xt7S3f3B4 VD4+aes4VQxbLBax6gZUo+ASW4Y bgd1EIY0CgZ1gcjv3O0+oNI/lg5 km6Ed0JHnIGTVWat4PyhW35i5A1 omXkwrkaAzKX/1hzNIIpWGCat3z 3MT4GVWGM4GzUj/VmFA2oSPsWSp phNrPFofOyIVVhiSMlS1pyEL9PZ HRSOtpFNjOiJqxXvXm4n9eLzXhj Z9xmaQGJVsuClNBTEzmX5MhV8iM mFpCmeL2VsLGVFFmbDYlG4K3+v I6aV/WPLfmNa8q9WoeRxHO4Byq4 ME11OEOGtACBgjP8ApvzqPz4rw7 H8vWgpPPnMIfOJ8/nTuMtw==</l atexit>
⇢in
<latexit sha1_ base64="vIPEQE1mTIyFhZi0r2W yKS9Hvgo=">AAAB+XicbVBNS8NA EN34WetX1KOXxSL0VBIR9Fjw4rG C/YA2hM120y7d7IbdSbGE/BMvHh Tx6j/x5r9x2+agrQ8GHu/NMDMvS gU34Hnfzsbm1vbObmWvun9weHTs npx2jMo0ZW2qhNK9iBgmuGRt4CB YL9WMJJFg3WhyN/e7U6YNV/IRZi kLEjKSPOaUgJVC1x3osQrzAbAny LksitCteQ1vAbxO/JLUUIlW6H4N hopmCZNABTGm73spBDnRwKlgRXW QGZYSOiEj1rdUkoSZIF9cXuBLqw xxrLQtCXih/p7ISWLMLIlsZ0Jgb Fa9ufif188gvg3sQ2kGTNLlojgT GBSex4CHXDMKYmYJoZrbWzEdE0 0o2LCqNgR/9eV10rlq+F7Df7iuN etlHBV0ji5QHfnoBjXRPWqhNqJo ip7RK3pzcufFeXc+lq0bTjlzhv7 A+fwBey6UHQ==</latexit><latexit sha1_ base64="vIPEQE1mTIyFhZi0r2W yKS9Hvgo=">AAAB+XicbVBNS8NA EN34WetX1KOXxSL0VBIR9Fjw4rG C/YA2hM120y7d7IbdSbGE/BMvHh Tx6j/x5r9x2+agrQ8GHu/NMDMvS gU34Hnfzsbm1vbObmWvun9weHTs npx2jMo0ZW2qhNK9iBgmuGRt4CB YL9WMJJFg3WhyN/e7U6YNV/IRZi kLEjKSPOaUgJVC1x3osQrzAbAny LksitCteQ1vAbxO/JLUUIlW6H4N hopmCZNABTGm73spBDnRwKlgRXW QGZYSOiEj1rdUkoSZIF9cXuBLqw xxrLQtCXih/p7ISWLMLIlsZ0Jgb Fa9ufif188gvg3sQ2kGTNLlojgT GBSex4CHXDMKYmYJoZrbWzEdE0 0o2LCqNgR/9eV10rlq+F7Df7iuN etlHBV0ji5QHfnoBjXRPWqhNqJo ip7RK3pzcufFeXc+lq0bTjlzhv7 A+fwBey6UHQ==</latexit><latexit sha1_ base64="vIPEQE1mTIyFhZi0r2W yKS9Hvgo=">AAAB+XicbVBNS8NA EN34WetX1KOXxSL0VBIR9Fjw4rG C/YA2hM120y7d7IbdSbGE/BMvHh Tx6j/x5r9x2+agrQ8GHu/NMDMvS gU34Hnfzsbm1vbObmWvun9weHTs npx2jMo0ZW2qhNK9iBgmuGRt4CB YL9WMJJFg3WhyN/e7U6YNV/IRZi kLEjKSPOaUgJVC1x3osQrzAbAny LksitCteQ1vAbxO/JLUUIlW6H4N hopmCZNABTGm73spBDnRwKlgRXW QGZYSOiEj1rdUkoSZIF9cXuBLqw xxrLQtCXih/p7ISWLMLIlsZ0Jgb Fa9ufif188gvg3sQ2kGTNLlojgT GBSex4CHXDMKYmYJoZrbWzEdE0 0o2LCqNgR/9eV10rlq+F7Df7iuN etlHBV0ji5QHfnoBjXRPWqhNqJo ip7RK3pzcufFeXc+lq0bTjlzhv7 A+fwBey6UHQ==</latexit><latexit sha1_ base64="vIPEQE1mTIyFhZi0r2W yKS9Hvgo=">AAAB+XicbVBNS8NA EN34WetX1KOXxSL0VBIR9Fjw4rG C/YA2hM120y7d7IbdSbGE/BMvHh Tx6j/x5r9x2+agrQ8GHu/NMDMvS gU34Hnfzsbm1vbObmWvun9weHTs npx2jMo0ZW2qhNK9iBgmuGRt4CB YL9WMJJFg3WhyN/e7U6YNV/IRZi kLEjKSPOaUgJVC1x3osQrzAbAny LksitCteQ1vAbxO/JLUUIlW6H4N hopmCZNABTGm73spBDnRwKlgRXW QGZYSOiEj1rdUkoSZIF9cXuBLqw xxrLQtCXih/p7ISWLMLIlsZ0Jgb Fa9ufif188gvg3sQ2kGTNLlojgT GBSex4CHXDMKYmYJoZrbWzEdE0 0o2LCqNgR/9eV10rlq+F7Df7iuN etlHBV0ji5QHfnoBjXRPWqhNqJo ip7RK3pzcufFeXc+lq0bTjlzhv7 A+fwBey6UHQ==</latexit>
Unitary w/ 
measurements
S
<latexit sha1_base64="gbvol 9KIgM8bOiDyZr0dp6VDzt4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69L Bahp5KIoMeCF48t2g9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZu Dtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxW MSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1Fi peT8oV9yauwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/ VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ 61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTR Zmx2ZRsCN7qy+ukfVnz3JrXvKrUq3kcRTiDc6iCB9dQhztoQAsYIDz DK7w5j86L8+58LFsLTj5zCn/gfP4AplOMvQ==</latexit><latexit sha1_base64="gbvol 9KIgM8bOiDyZr0dp6VDzt4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69L Bahp5KIoMeCF48t2g9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZu Dtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxW MSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1Fi peT8oV9yauwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/ VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ 61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTR Zmx2ZRsCN7qy+ukfVnz3JrXvKrUq3kcRTiDc6iCB9dQhztoQAsYIDz DK7w5j86L8+58LFsLTj5zCn/gfP4AplOMvQ==</latexit><latexit sha1_base64="gbvol 9KIgM8bOiDyZr0dp6VDzt4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69L Bahp5KIoMeCF48t2g9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZu Dtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxW MSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1Fi peT8oV9yauwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/ VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ 61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTR Zmx2ZRsCN7qy+ukfVnz3JrXvKrUq3kcRTiDc6iCB9dQhztoQAsYIDz DK7w5j86L8+58LFsLTj5zCn/gfP4AplOMvQ==</latexit><latexit sha1_base64="gbvol 9KIgM8bOiDyZr0dp6VDzt4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69L Bahp5KIoMeCF48t2g9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZu Dtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxW MSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1Fi peT8oV9yauwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/ VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ 61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTR Zmx2ZRsCN7qy+ukfVnz3JrXvKrUq3kcRTiDc6iCB9dQhztoQAsYIDz DK7w5j86L8+58LFsLTj5zCn/gfP4AplOMvQ==</latexit>
M
<latexit sha1_base64="TwqFE FX6OKEJgNpqs8rn23ME3nc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69L Bahp5KIoMeCFy9CC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdv moK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbL Bax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lg5km6Ed0JHnIGTV Wat4PyhW35i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzU j/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJq xXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGV FFmbDYlG4K3+vI6aV/WPLfmNa8q9WoeRxHO4Byq4ME11OEOGtACBgj P8ApvzqPz4rw7H8vWgpPPnMIfOJ8/nTuMtw==</latexit><latexit sha1_base64="TwqFE FX6OKEJgNpqs8rn23ME3nc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69L Bahp5KIoMeCFy9CC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdv moK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbL Bax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lg5km6Ed0JHnIGTV Wat4PyhW35i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzU j/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJq xXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGV FFmbDYlG4K3+vI6aV/WPLfmNa8q9WoeRxHO4Byq4ME11OEOGtACBgj P8ApvzqPz4rw7H8vWgpPPnMIfOJ8/nTuMtw==</latexit><latexit sha1_base64="TwqFE FX6OKEJgNpqs8rn23ME3nc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69L Bahp5KIoMeCFy9CC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdv moK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbL Bax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lg5km6Ed0JHnIGTV Wat4PyhW35i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzU j/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJq xXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGV FFmbDYlG4K3+vI6aV/WPLfmNa8q9WoeRxHO4Byq4ME11OEOGtACBgj P8ApvzqPz4rw7H8vWgpPPnMIfOJ8/nTuMtw==</latexit><latexit sha1_base64="TwqFE FX6OKEJgNpqs8rn23ME3nc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69L Bahp5KIoMeCFy9CC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdv moK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbL Bax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lg5km6Ed0JHnIGTV Wat4PyhW35i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzU j/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJq xXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGV FFmbDYlG4K3+vI6aV/WPLfmNa8q9WoeRxHO4Byq4ME11OEOGtACBgj P8ApvzqPz4rw7H8vWgpPPnMIfOJ8/nTuMtw==</latexit>
E
<latexit sha1_base64="ZaqiS kGAephk6kpPyDFihoH6vx4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69L Bahp5KIoMeCCB5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zY HbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthis YhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzDRBP6IjyUPOqLF S825Qrrg1dwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+ qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz 1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3Ejami jJjsynZELzVl9dJ+7LmuTWveVWpV/M4inAG51AFD66hDvfQgBYwQHi GV3hzHp0X5935WLYWnHzmFP7A+fwBkRuMrw==</latexit><latexit sha1_base64="ZaqiS kGAephk6kpPyDFihoH6vx4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69L Bahp5KIoMeCCB5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zY HbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthis YhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzDRBP6IjyUPOqLF S825Qrrg1dwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+ qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz 1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3Ejami jJjsynZELzVl9dJ+7LmuTWveVWpV/M4inAG51AFD66hDvfQgBYwQHi GV3hzHp0X5935WLYWnHzmFP7A+fwBkRuMrw==</latexit><latexit sha1_base64="ZaqiS kGAephk6kpPyDFihoH6vx4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69L Bahp5KIoMeCCB5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zY HbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthis YhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzDRBP6IjyUPOqLF S825Qrrg1dwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+ qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz 1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3Ejami jJjsynZELzVl9dJ+7LmuTWveVWpV/M4inAG51AFD66hDvfQgBYwQHi GV3hzHp0X5935WLYWnHzmFP7A+fwBkRuMrw==</latexit><latexit sha1_base64="ZaqiS kGAephk6kpPyDFihoH6vx4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69L Bahp5KIoMeCCB5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zY HbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthis YhVN6AaBZfYMtwI7CYKaRQI7AST27nfeUKleSwfzDRBP6IjyUPOqLF S825Qrrg1dwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+ qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz 1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3Ejami jJjsynZELzVl9dJ+7LmuTWveVWpV/M4inAG51AFD66hDvfQgBYwQHi GV3hzHp0X5935WLYWnHzmFP7A+fwBkRuMrw==</latexit>
(a) (b)
⇢in
<latexit sha1_base64="vIPEQ E1mTIyFhZi0r2WyKS9Hvgo=">AAAB+XicbVBNS8NAEN34WetX1KOXx SL0VBIR9Fjw4rGC/YA2hM120y7d7IbdSbGE/BMvHhTx6j/x5r9x2+a grQ8GHu/NMDMvSgU34Hnfzsbm1vbObmWvun9weHTsnpx2jMo0ZW2qh NK9iBgmuGRt4CBYL9WMJJFg3WhyN/e7U6YNV/IRZikLEjKSPOaUgJV C1x3osQrzAbAnyLksitCteQ1vAbxO/JLUUIlW6H4NhopmCZNABTGm7 3spBDnRwKlgRXWQGZYSOiEj1rdUkoSZIF9cXuBLqwxxrLQtCXih/p7 ISWLMLIlsZ0JgbFa9ufif188gvg3sQ2kGTNLlojgTGBSex4CHXDMKY mYJoZrbWzEdE00o2LCqNgR/9eV10rlq+F7Df7iuNetlHBV0ji5QHfn oBjXRPWqhNqJoip7RK3pzcufFeXc+lq0bTjlzhv7A+fwBey6UHQ==< /latexit><latexit sha1_base64="vIPEQ E1mTIyFhZi0r2WyKS9Hvgo=">AAAB+XicbVBNS8NAEN34WetX1KOXx SL0VBIR9Fjw4rGC/YA2hM120y7d7IbdSbGE/BMvHhTx6j/x5r9x2+a grQ8GHu/NMDMvSgU34Hnfzsbm1vbObmWvun9weHTsnpx2jMo0ZW2qh NK9iBgmuGRt4CBYL9WMJJFg3WhyN/e7U6YNV/IRZikLEjKSPOaUgJV C1x3osQrzAbAnyLksitCteQ1vAbxO/JLUUIlW6H4NhopmCZNABTGm7 3spBDnRwKlgRXWQGZYSOiEj1rdUkoSZIF9cXuBLqwxxrLQtCXih/p7 ISWLMLIlsZ0JgbFa9ufif188gvg3sQ2kGTNLlojgTGBSex4CHXDMKY mYJoZrbWzEdE00o2LCqNgR/9eV10rlq+F7Df7iuNetlHBV0ji5QHfn oBjXRPWqhNqJoip7RK3pzcufFeXc+lq0bTjlzhv7A+fwBey6UHQ==< /latexit><latexit sha1_base64="vIPEQ E1mTIyFhZi0r2WyKS9Hvgo=">AAAB+XicbVBNS8NAEN34WetX1KOXx SL0VBIR9Fjw4rGC/YA2hM120y7d7IbdSbGE/BMvHhTx6j/x5r9x2+a grQ8GHu/NMDMvSgU34Hnfzsbm1vbObmWvun9weHTsnpx2jMo0ZW2qh NK9iBgmuGRt4CBYL9WMJJFg3WhyN/e7U6YNV/IRZikLEjKSPOaUgJV C1x3osQrzAbAnyLksitCteQ1vAbxO/JLUUIlW6H4NhopmCZNABTGm7 3spBDnRwKlgRXWQGZYSOiEj1rdUkoSZIF9cXuBLqwxxrLQtCXih/p7 ISWLMLIlsZ0JgbFa9ufif188gvg3sQ2kGTNLlojgTGBSex4CHXDMKY mYJoZrbWzEdE00o2LCqNgR/9eV10rlq+F7Df7iuNetlHBV0ji5QHfn oBjXRPWqhNqJoip7RK3pzcufFeXc+lq0bTjlzhv7A+fwBey6UHQ==< /latexit><latexit sha1_base64="vIPEQ E1mTIyFhZi0r2WyKS9Hvgo=">AAAB+XicbVBNS8NAEN34WetX1KOXx SL0VBIR9Fjw4rGC/YA2hM120y7d7IbdSbGE/BMvHhTx6j/x5r9x2+a grQ8GHu/NMDMvSgU34Hnfzsbm1vbObmWvun9weHTsnpx2jMo0ZW2qh NK9iBgmuGRt4CBYL9WMJJFg3WhyN/e7U6YNV/IRZikLEjKSPOaUgJV C1x3osQrzAbAnyLksitCteQ1vAbxO/JLUUIlW6H4NhopmCZNABTGm7 3spBDnRwKlgRXWQGZYSOiEj1rdUkoSZIF9cXuBLqwxxrLQtCXih/p7 ISWLMLIlsZ0JgbFa9ufif188gvg3sQ2kGTNLlojgTGBSex4CHXDMKY mYJoZrbWzEdE00o2LCqNgR/9eV10rlq+F7Df7iuNetlHBV0ji5QHfn oBjXRPWqhNqJoip7RK3pzcufFeXc+lq0bTjlzhv7A+fwBey6UHQ==< /latexit>
X
<latexit sha1_base64="5/w86 jHCieRPMCrJKIhiw3rCqKw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69L Bahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zY HbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthms YhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLF SqzcsV9yauwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg 1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ 63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQR Zmx2ZRsCN76y5ukc13z3JrXuqk0qnkcRbiAS6iCB3VowD00oQ0MEJ7 hFd6cR+fFeXc+Vq0FJ585hz9wPn8AreeMwg==</latexit><latexit sha1_base64="5/w86 jHCieRPMCrJKIhiw3rCqKw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69L Bahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zY HbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthms YhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLF SqzcsV9yauwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg 1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ 63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQR Zmx2ZRsCN76y5ukc13z3JrXuqk0qnkcRbiAS6iCB3VowD00oQ0MEJ7 hFd6cR+fFeXc+Vq0FJ585hz9wPn8AreeMwg==</latexit><latexit sha1_base64="5/w86 jHCieRPMCrJKIhiw3rCqKw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69L Bahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zY HbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthms YhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLF SqzcsV9yauwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg 1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ 63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQR Zmx2ZRsCN76y5ukc13z3JrXuqk0qnkcRbiAS6iCB3VowD00oQ0MEJ7 hFd6cR+fFeXc+Vq0FJ585hz9wPn8AreeMwg==</latexit><latexit sha1_base64="5/w86 jHCieRPMCrJKIhiw3rCqKw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69L Bahp5KIUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zY HbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthms YhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLF SqzcsV9yauwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg 1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ 63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQR Zmx2ZRsCN76y5ukc13z3JrXuqk0qnkcRbiAS6iCB3VowD00oQ0MEJ7 hFd6cR+fFeXc+Vq0FJ585hz9wPn8AreeMwg==</latexit>
FIG. S5. (a) We consider an maximally mixed input state ρin evolved under unitary dynamics interspersed with measurements.
The output of the system and the classical measurement outcomes are denoted as S and M . (b) The scenario illustrated
(a) can be understood as a unitary evolution by considering the measurements as unitary coupling between the system and
measurement device, followed by the dephasing of the measurement device. The measurement device M is dephased through
the coupling with an auxiliary environment E. The coupling is realized by the controlled-X operation that couples every single
ancilla qudit in M to a qudit in E. Here, we consider a specific environment E that contains |M | qudits prepared in |0〉.
stored in the resultant quantum state of the system as well as in the set of projective measurement outcomes. In
order to quantify the coherent information that remains in both the system and measurement outcomes, we adapt
the weak measurement framework for projective measurements.
In this framework, for each weak measurement, we introduce an ancilla qudit, representing a part of a measurement
device M , prepared in a predetermined state, e.g. |0〉. The ancilla is then correlated with system degrees of freedom by
a generic unitary operation. Finally, the ancilla qudit is dephased by additional degrees of freedom, E, that represents
the environment. The dephasing by the environment ensures that the only the classical information remains in the
measurement devices. By varying the unitary operation that correlates the ancilla and system degrees of freedom,
this formulation allows to characterize measurements in arbitrary positive operator-valued measure (POVM). The
dephasing of M can be realized by coupling to E with generalized controlled-X gates,
CXab = |0〉a 〈0|a ⊗ 1b +
d−1∑
i=1
|i〉a 〈i|a ⊗ exp
[
−ipi
2
(|i〉b 〈0|b + |0〉b 〈i|b)
]
, (S13)
acting on a ∈ M (control) and b ∈ E (target). Here, |i〉 with i ∈ {0, 1, . . . d − 1} forms the computational basis for
a qudit in M or E. Tracing out every qudit in E after applying the set of CXab gates indeed realizes a dephasing
channel Dφ,M applied to M . Therefore, an arbitrary quantum channel M that consists of generic unitary evolutions
interspersed by measurements in any POVM can be formulated as
M[ρ] = Dφ,M
[
U
(
ρ⊗ (|0〉 〈0|)|M |
)
U†
]
, (S14)
with some unitary U . Here, |M | denotes the number of qudits in M . Fig. S5 illustrates our framework, in which each
of M and E consists of |M | number of qudits.
In this setting, we investigate the quantum channel capacity of M. We note that, unlike conventional cases, the
output of the quantum channel M can be explicitly divided into two parts: (i) the density matrix of the system
quantum state and (ii) classical information (diagonal density matrix) associated with the dephased measurement
device M . The quantum channel capacity Q for a channel M is defined by the maximum coherent information per
single channel usage when n copies of the channel are simultaneously utilized [14, 15]:
Q = lim
n→∞
1
n
max
ρ(n)
Ic
(
M⊗n, ρ(n)
)
, (S15)
where ρ(n) ∈ H⊗n is an input quantum state in the n-replicated Hilbert space to be optimized, Ic is the coherent quan-
tum information defined below. For a special class of quantum channel, so-called degradable quantum channels [14–16],
Eq. (S15) dramatically simplifies to
Q = max
ρ
Ic (M, ρ) . (S16)
This is because, for degradable quantum channels, the quantum channel capacity is additive [14–16].
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A degradable quantum channel is defined by the following property. For a quantum channel N that transmits a
quantum state from a sender A to receiver A′, let Nc be the complementary channel of N : HA → HA′ . That is, we
consider an isometric embedding UN : HA → HA′ ⊗HB of N in an extended Hilbert space, i.e. for any ρA ∈ HA,
N [ρA] = trB
(
UN ρAU
†
N
)
. (S17)
Then, the complementary channel Nc is defined by
Nc[ρA] ≡ trA′
(
UN ρAU
†
N
)
. (S18)
The channel N is degradable if there exists another quantum channel T such that Nc = T ◦ N . For any quantum
channel of the form in Eq. (S14), its isometric embedding can be written as a unitary U illustrated in Fig. S5.
Therefore, by identifying A = S, A′ = SM and B = E, we find that
M[ρ] ≡ trE
(
UρU†
)
, (S19)
Mc[ρ] ≡ trSM
(
UρU†
)
. (S20)
Crucially, by tracing out system degrees of freedom,M can be degraded intoMc, i.e. Mc[ρ] ' trSM[ρ]. This can be
easily shown by considering the reduced density matrix of M and E after applying the set of generalized controlled-X
gates, which must be of the form ρME =
∑
ij ρij |i〉M 〈j|M ⊗ |i〉E 〈j|E . In turn, the reduced density matrices for M
and E are given by ρM(E) =
∑
i ρii |i〉 〈i| in their corresponding Hilbert spaces. Below, we focus on establishing a
relation between Eq. (S16) and 〈S〉.
For an input state ρ and a quantum channel N : HA → HA′ , the coherent information Ic(N , ρ) is given by
Ic(N , ρ) ≡ SA′ − SB , (S21)
where SA′(B) is the von Neumann entropy of the output reduced density matrix for subsystem A
′(B), and B is an
auxiliary system introduced for an isometric embedding of N . In our case, the identification A = S, A′ = SM , and
B = E leads to
Ic(M, ρin) = SSM − SE = SSM − SM = 〈S〉, (S22)
where the second equality arises from the fact that ρB ' ρE discussed above. For the third equality, we used the
definition of the entropy of the system averaged over different measurement outcomes
〈S〉 =
∑
i
piS(ρS [i]), (S23)
where the index i runs over all possible projective measurement outcomes, pi is the probability for a particular
outcome i, and ρS [i] is reduced density matrix of the system conditioned on the measurement outcome i. Then, the
third equality in Eq. (S22) holds because of the block diagonal form of the reduced density matrix for S and M [17]:
ρSM =
∑
i
piρS [i]⊗ |i〉M 〈i| . (S24)
Finally, combining Eq. (S16) and (S22), we obtain the key result presented in the main text, which we produce here:
Q = max
ρin
〈S〉. (S25)
In general, the optimization over ρin for a given channel M is difficult because it may depends on the detailed
information of the unitary evolution as well as set of POVMs. In the case M is random, as random circuit models,
we can define a closely related quantity to characterize the maximal amount of information that can be transmitted
through M without a priori specifying its instance:
Q¯ ≡ max
ρin
E [〈S〉] , (S26)
where E denotes averaging over random unitary gates and measurement positions. We note that Q¯ is distinct from
average quantum channel capacity E[Q] since the optimization over ρin is performed after averaging over different
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realization of quantum circuits. Nevertheless, Q¯ has an operational meaning; it quantifies the maximum amount of co-
herent information that a randomly chosen random unitary circuit with randomly positioned projective measurements
can achieve. In other words, Q¯ is the capacity for random quantum channel M in which the random realizations of
unitary gates and measurement positions are a priori not known to encoder.
In Ref. [13], for a maximally mixed input state ρin = ρ
max, E[〈S〉] has been identified as an alternative signature
of the entanglement phase transition based on numerical simulations of random Clifford circuits with projective
measurements. In more recent work [17], it has been proven that the transition in the scaling behavior in E[〈S〉]
indeed coincides with the entanglement phase transition for Haar random unitary circuits with measurements. Based
on the mapping of such quantum circuits to a class of statistical mechanics models and the replica technique introduced
in Ref. [17], one can show E[〈S〉] is maximized when ρin is maximally mixed. Therefore, Q¯ exactly corresponds to the
the numerical results of E[〈S〉] studied in Ref. [13] and is indeed a signature of the entanglement phase transition.
An alternative way to understand the meaning of Q¯ is to introduce a new channel M˜ that incorporates the
randomness of M as parts of the definition. To be more specific, one can consider that unitary gates applied to the
system are determined by quantum states of additionally introduced ancilla qudits MU . If the qudits are initialized
in equal superposition of their computational basis states, the projective measurements on MU in the basis realize a
certain instance of random unitary gates. A similar argument can be made for different positioning of measurements
on system qudits (with additional ancilla MP ). In this way, the classical information associated with the randomness
(in unitary gates and measurement positions) corresponds to the diagonal elements of the density matrix of ancilla
MU,P . Following the same analysis described above for M, it follows that Q¯ is the quantum channel capacity of M˜:
Q˜ = max
ρin
E [〈S〉] = Q¯. (S27)
This channel capacity is achieved with the maximally mixed input state ρin since it must be invariant under any local
unitary rotations. We note that the new channel M˜ defined by the dynamics of the system and entire collection of
ancilla is again a degradable quantum channel following the same reasoning as in the case of M. This completes the
relation between the quantum channel capacity and the averaged entropy of the system conditioned on measurement
outcomes.
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